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Foreword

This Final Report for a Study of Cloud Patterns as Seen by

Meteorological Satellites, Phase 2 was prepared by The Budd Company

Information Sciences Center, McLean, Virginia for the Goddard Space
Flight Center, Greenbelt, Maryland, under NASA Contract NAS 5-9551.
The contract period covers February 1, 1965 through January 31, 1966.
The principal investigator on the study was Mr. James N.
Orton, electronic data processing system analyst, assisted by
Mr. Joseph Jordan, digital computer programmer. Other contribu-
tors to the study were Dr., Azriel Rosenfeld, Research Associate
Pfofessor, Computer Science Center, University of Maryland, consultant
in image processing and pattern recognition; Dr. Charles Fried,
research experimental psychologist; and Mr. Robert Ryan, electronics
technician. The computer time used was supported by NASA grant
NSG 398 to the Computer Science Center, University of Maryland.
The cooperation of the Goddard Space Flight Center is grate-
fully acknowledged for providing TIROS cloud picture film strips and
for preparing digital magnetic tapes of selected frames for input to the

computer programs developed in the study.



A General Introduction

and Summary of Results

This Final Report describes the accomplishments of the
second phase of a study of cloud patterns as seen by meteorological
satellites. Under the first phase (Contract NAS 5-3461) initiated in
July 1963 and completed in October 1954, the groundwork was laid
and initial steps taken toward the development of automatic techniques
for meteorological cloud picture analysis. A cloud pattern classifi-
cation and discrimination system was developed based on geometric
cloud properties, according to which human observe"z;s subdivided a
meteorological picture into solid cloud, solid noncloud, and partially
overcast or '"broken'' regions. This scheme was found to be comparable
in scope and consistency with schemes employing meteorological termi-
nology. Psychological experiments were conducted to verify this fact.
The task of picture subdivision was next automated; a computer pro-
gram, named SORD (Solid Region Delineator), was developed to
subdivide a two-brightness-level meteorological picture into solid
cloud, solid noncloud, and broken regions. Two other pictorial data

processing programs were developed for general utility purposes:
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RAMP (Region Area Measurement Program), for identifying and
measuring connected shapes, and REST (Region Enclosed Square
Tabulator) for measuring and compiling the frequencies of squares
within ciosed curves {cloud shapes) in a binary-encoded digital picture.
Complete descriptions of these programs were included in the Final
Report for the first phase of the study.

The first task of the second phase of the study {(under the
present Contract NAS 5-9551) was to determine if SORD progfam
meteorological picture subdivision is comparable to picture sub-
division by human subjects. Part 1 of this Report describes a
psychological study conducted to compare human and computer cloud
picture annotations, It was concluded that the SORD program pro-
duces annotations which correlate highly with human annotations,
particularly in the case of humans with an analytic background. An
important first step toward automation of nephanalyses was therefore
accomplished.

One of the primary objectives of the second phase of the study
was the extension of the SORD program concept to the further analysis
of broken regions according to relative brokenness. The articulation
of this technique and a program to perform this analysis (de signated

SB-2) is described in Part 11, In Part IIl there is presented the

results of SB-2 processing of a set of TIROS VI pictures exhibiting
a variety of meteorological patterns, Key parameter inte rrelationships
affecting these results are first determined, and optimum Or near-
cptimum values selected for pattern processing. Results are presented

in both pictorial and statistical form.

An important extension of the SB-2 concept is made in Part IV,

which describes a computer program (designated SB-3) developed to

perform the solid/broken subdivision process on a digital picture of
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from three to fifteen brightness levels rather than the two to which
SB-2 is restricted. In Part V, the results of its application to TIROS
meteorological picture processing are described, these-investigations
being analogous to those described in Part III for program SB-2.
These applications of SB-2 and SB-3 verify the capability of these
programs to prepare meteorological pictures for further processing
to identify or distinguish meteorological patterns. Suggested steps
for further investigations in this direction are described at the conclu-
sion of Parts III and V,

In addition to picture subdivision, another important pre-
requisite to meteorological pattern recognition is the ability to
“extract! or delineate pattern structures within a picture. A program
to do this is described in Part VI. Designated PAX (Pattern Extractor),
it was developed as a new application of the SB-2 brokenness analysis
technique, In Part VII, parameter investigations for PAX are described,
followed by a graphic and verbal description of results of PAX meteoro-
logical picture processing involving the same variety of TIROS picture
patterns used in the SB-2 and SB-3 analyses.

In the concluding Part VIII other computer programs for
meteorological picture processing developed under phase two of the
study are described in brief, These include a gradient plotting program
(possibly also applicable to pattern extraction), a program to print out
the brightness values of selected elements within a digital picture, and
a set of executive or ""driver™ programs to supply selected sets of
input parameters to programs SB-2 and SB-3, Applications for these
programs are suggested.

In summary, this second phase of the study has resulted in
significant advances toward meteorological pattern recognition and

identification. Computer programs SB-2 and SB-3 have now been
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developed and tested which isolate parts of a picture likely to contain
patterns of interest; the PAX program extracts a pattern structure
directly., From each of these two base points further processing steps

to be taken in the direction of pattern recognition are suggested. Further
investigation may prove that only one of these techniques excluding the
other, or possibly some combination oflthe two incorporating still

newer concepts, is best able to achieve this goal.
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PART I

A Comiparison of Human and Computer Annotation

of TIROS Cloud Pictures

ABSTRACT

This Part describes a study conducted to compare the capa-
bilities of a digital computer program and human subjects in annota-
ting TIROS cloud pictures. The computer program, designated
SORD-2, was de\'_féloped during phase one of this study; it is described
in Volume IV of the Contract NAS 5-3461 Final Report, "Steps Toward
Automatic Cloud Pattern Discrimination.”" The conclusion of this
study is that the program is able to provide an annotation closely
resembling 2 human annotation. This is interpreted as a strong
validation of SORD techniques as initial steps toward automated cloud

picture analysis.



1.1 Introduction and Summary

The use of TIROS satellite photography for weather prediction
currently requires extensive human examination and annotation of the
photographs. TIROS photographs are transmitted to Weather Bureau
personnel who delineate on them cloud formations which have potential
meteorological significance. The cloud outlining is followed by the
classification of these clouds according to the presence of significant
cloud features.

A long term objective of the present research effort is to
circumvent the delay in weather prediction that is imposed by the
requirement for human processing. This is to be accomplished by
a program for a general purpose computer that will scan the photographs,
perform an annotation that resembles the original human annotation,
and decide whether any areas of potential meteorological significance
are present. Those photographs on which nothing of significance has
been detected are then screened out, leaving a small subset of photo-
graphs for final analysis by the professional meteorologist. The
screening function alone should reduce very significantly the processing
time requiredto extract from the photographs conclusions useful for
weather prediction. Beyond this, the more that the computer can assist
in the cloud pattern identification and classification functions, the

further it can enhance the meteorologist's weather prediction activity.
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The first step of the automated annotation process is thus the
delineation of areas on the cloud picture of potential meteoroclogical
significance. An IBM 7094 computer program which performs an
initial step in this direction was developed under NASA Contract
NAS 5-3461, preceding the present contract, Designated SORD-2
(where SORD stands for "Solid Region belineator"), the program
assigns the elements of a cloud picture to one of three categories of
regions -- solid cloud, solid noncloud, or broken cloud (i.e. partially
overcast) -- using a "window" scanning technique. This technique
and the program are fully described in Volume IV of the Contract
NAS 5-3461 Final Report, entitled "Steps Toward Automatic Cloud
Pattern Discrimination.®™ The purpose of the present study was to
test the ability of this program to annotate cloud pictures as compared
with human ability to do so.

The pictures annotated in the study by both the computer and
human subjects were "black-and-white'" extractions from the original
TIROS photographs which contain up to sixty-four brightness levels
- varying from pure white to pure black. All elements brightgr than a
selected threshold brightness value are classified as "cloud" elements;
all other elements are classified as "noncloud" elements, On these

black and white pictures, which are produced by the computer from a
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digital representation of the original photograph, noncloud elements
are represented by dots and cloud elements by spaces.

In general, areas or regions of a picture which are predomi-
nantly occupied by dots are designated by the annotator as ''solid
noncloud"; regions which are predominantly blank are designated
""'solid cloud"; and regions which contain dots interspersed with spaces
are designated '"broken cloud.' The human subject was instructed to
indicate these regions by drawing lines around them, according to a
detailed set of rules included in Appendix 1-A. Region boundaries are
likely to be drawn where there occurs a sudden transition from one
region type to another. The computer, on the other hand, lacks a
line-drawing ability and instead indicates the region to which it
assigns an element by appropriate overprinting: an overprinted "X"
designates "solid noncloud, ' an overprinted ''slash' symbol {/) de-
signates ""broken cloud, ' and no overprinting designates "'solid cloud. "

Figure 1 in Section 1. 4 below illustrates the three types of
pictures that have been described. Figure 1, Picture l{A} shows a
typical unannotated picture used in the study, as produced by the
computer and supplied to the human subject. Picture 1(B) of this Fig-
ure shows the computer annotation of this picture (hand-drawn lines

enclose the regions for ease of comparison with the human annotatior.!.
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Pictures 1(C) and 1(D) illustrate two subjects' annotations of the picture,
the regions '"'solid cloud, ' '"solid noncloud, " and '"broken cloud' being
designated by the letter "C', '""N", and ""B' respectively.

For the study, a set of ten TIROS pictures was selected for
annotation by each of six subjects. The pictures were all taken approx-
imately normal to the earth's surface and over oceans, so that the non-
cloud category includes open sea but not land masses. Various
meteorological patterns are represented in the pictures, but no attempt
at this stage was made to include all patterns of significance likely to be
examined in the future. Some comments are made, however, on the
observed relationship between the degree of similarity of the computer
and human annotations and the meteorological pattern types represented
in the pictures.

The degree of similarity between the two types of annotations
of a given picture can be conveniently measured by the well-known
product-moment correlation coefficient. Its possible values range
from 0, indicating essentially no correspondence (or only ''random"
correspondence) to 1, indicating exact correspondence; further details
on its present application are presented in Section 1. 4.

The cqrrelation between the computer and human annotations

was determined for each picture by subject, a total of sixty comparisons
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in all. Many correlations were very high; twenty-four of the sixty
coefficients equaled or exceeded .80. All correlations were statis-
tically significant, the lowest being . 30.

These results, plus others noted below, support the conclusion
that the SORD-2 program efficiently simulates a human in annotating a
black-and-white cloud picture, and thus provides a sound basis for
the next phase of research, its extension to multi-brightness-level
pictures. The further result that the highest correlations were ob-
served for the subjects with greater analytical background and
experience indicates that the program would even more efficiently
simulate the annotation of a professional meteorologist.

No conclusion is drawn at this stage, however, concerning
the similarity of the logical process employed by the computer and
the thought process employed by the human in arriving at their
separate results. The scope of the present study does not extend

beyond duplication of the human result by a computer.

1.2 Cloud Pictures Used in the Study

Ten TIROS VI photographs selected to represent several types
of meteorologically significant cloud patterns were employed as the

stimulus material for this study. In selecting the photographé three
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criteria were used: (1) each photograph. was of a reasonably good
quality and contained a high percentage of usable content, (2) each
photograph contained one or more cloud formations of meteorological
significance (e.g. cloud cells, streets, bands), and{3) the pictures
were taken over oceans (principally the Pacific and North Atlantic)
to avoid the problem (irrefévant to the present study) of distinguishing
clouds from land masses.

Orbit film-strip numbers for the photographs were selected

from the U. S. Department of Commerce publication, Catalogue of

Meteorological Satellite Data - TIROS VI Television Cloud Phgtography

(Reference 1.2) on the basis of (1) the geographical area covered and °
(2) the accompanying indication of the presence of patterns of
meteorological significance. The film strips were examined on a
microfilm reader for selection of specific frames for the study. The
frame numbers were then submitted to the NASA Goddard Space Flight
Center, Greenbelt, Maryland, for digitizing of the specified set of
frames on magnetic tape. (The cooperation of the Center in this

effort is gratefully acknowledged.) This magnetic tape was then copied
with minor format changes onto another magnetic tape which was then
input to the SORD-2 computer program.

Two sets of pictures, one with and the other without the
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SORD-2 annotation, were produced by the computer. These were
reduced photographically to 8-1/2" by 11" size, and Xerox copies
made for distribution to the subjects.

On the magnetic tape the ten TIROS frames each consisted
of 234 picture elements per line and about 240 lines per picture, or
about 56, 000 picture elements per picture. Each element consisted
of six binary digits (bits) with a brightness value in the range 0 (the
darkest) to 63 (the brightest). The brightness threshold value used
by SORD-2 in reducing the picture to black and white was 32; all
elements with a value greater than this were classified as ''cloud, "
and all with a value equal or less, as ''noncloud.' The pictures
produced by the computer were 118 x 118 elements in size, selected
from the central portion of the TIROS frame.

The complete set of unannotated pictures and computer-
annotated pictures, together with a representative set of human-
annotated pictures, is shown in Section 1.4, Figure 1, Pictures 1
through 10. Table 1-1 below lists these pictures according to their

TIROS orbit and frame and representative meteorological pattern.

1.3 Experimental Procedure

The subjects were read the instructions which appear in
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Table 1-1

Characteristics of TIROS VI Pictures Used

in Human/Computer Annotation Study

TIROS Designation

Picture Orbit Frame Meteorological
Number Number Number Pattern Represented

1 004 16 Streaks

2 / ‘ 492 22 Bands

3 508 29 Curved streets

4 520 26 Bands

5 524 03 Noncloud streaks

6 | 524 24 | Sharp region boundaries:

Cells/solid cloud
7 538 04 Curving bands
8 7 538 . 28 Sharp region boundaries:

Small cells/solid cloud/
solid noncloud

9 566 22 Sharp region boundaries:
Cells/solid cloud

10 583 21 Cells

1-9



Appendix 1-A, The;.r were told that their annotations would be compared
with a similar annotation to be performed by a computer. They were
instructed to examine the photographs and outline regions which they
felt could be properly classified as solid cloud, solid noncloud or
broken cloud, as these concepts have been defined above.

The experimenter did not further define these categories but
allowed the subject to define them for himself by examining several
examples of a previously annotated photograph. The sample annotations
are shown in Appendix 1-B. They are annotations that do not appear in
the test series.

The only major restriction in the subject's annotation was
that a boundary could hot be drawn between cloud classes of the same
type; all boundaries had to be used to separate dissimilar cloud types.
They were also told to ignore the occurrence of small random groupings
of dots or spaces in larger formations in their assignment of a picture
region to a particular class.

The subjects had to outline carefully every region that
belonged to one of three categories within the boundary of the picture,
to insure that the pictures would be completely annotated.

Following the reading of the instructions one of the pictures

in the test series was selected at random as a training picture. Each



subject annotated this picture first, and the resultant annotation was
then reviewed by the experimenter in the presence of the subject. They
were permitted to ask questions on the annotation procedure during this
practice trial and then the experimenter went over any parts of their
annotation which he felt indicated a lack of understanding of the
instructions., The test trials were begun only after the experimenter
felt the subject understood the instructions.

The subjects were then given the ten test pictures ina
sequence that was separately randomized for each subject. Each
subject worked at a speed of his own choosing and each one decided for
himseif when an annotation was complete.

After annotating a picture the subject passed it to the
experimenter. He then proceeded to the next picture in the series.
Approximately two to three minutes elapsed for each annotation. The
room illumination was the usual office fluorescent lighting and each
subject worked in a separate room of moderate noise ievel.

Figure 1, Pictures 1{A) through 10(A) in the Section 1.4
below show the ten pictures arnotated by the subjects.

The six subjectsvused”in the study were selected at random
from the roster of available company. employees, Two were engineering

and four were administrative/secretarial personnel.



They had no previous experience in cloud annotation or in meteorology.
Their sources of knowledge of the TIROS program consisted principally
of newspaper and magazine accounts.

The subjects had no apparent visual defects. They were
permitted to examine the photographs at a distance which was most

convenient to them.

1.4 Study Results

The SORD-2 program classified each point in a picture into
one of the three possible categories: (1) white or solid cloud (repre-
sented in the picture by a space), black or solid noncloud (represented
in the picture by an '""X'"), and broken cloud (represented in the picture
by a slash mark (/). The region outlines in the computer-annotated
pictures were added to facilitate visual comparison with the human-
annotated pictures.

The human annotations consisted of outlines or boundaries
drawn around a uniform region and appropriate labeling of the region:
""N'' for "solid noncloud, " "C' for "solid cloud" and "B" for "broken
cloud." The categories for labeling a region were identical to those
employed by the computer. Though the human probably considered

groups of points rather than individual points in selecting regions, he




~effectively classified each point in the picture, since all p#rts of the picture
were considered and since all points within a drawn region belon-g..to one
category. |

A measure of the similarity of a picture annotation between the
computer and a human subject can be achieved by comparing, point by
point, the assignment bf each of the points to categories. A numerical
value was associated with each category. A point classified as "solid
cloud" was assigned a value of +1, as ""broken cloud, ' a value of 0 and
as ''solid noncloud, ' a value of -1. The measure used to étate the degree
of similarity between the human and computer annotation of a picture

was the Pearson product inoment correlation, whose raw score formula

is:
NT ZXY - ZX 2Y
r = 5 ?
N SR e
T T
where
NT = total number of points in the picture
X = value of a point in a picture annotated by SORD-2
Y = value of a similar point in a picture annotated by a

human subject

With this restricted set of values for X and Y the Pearson r

simp}ifies to
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r:

where

N ] _ _ ]
T [NBB * Nyw - Mgy + NWB)] Ng, - Ny,) N.g - N

W

J_[—NT(_NI;. * NV\:)— - (Ng, - Nw.)z] —

[NT(N.B + Nog) - (Neg - N.W)Z]

BB

wWw

BW

WB

total number of points in the picture.

number of points in the picture classified as ''solid-
noncloud' or ''black' by both the SORD-2 and human
annotations.

number of points in the picture classified as "'solid
cloud" or "white' by both the SORD-2 and human
annotations.

number of points in the picture classified as black by
the SORD-2 program and white by the human
annotation..

number of points in the picture classified as white by the
SORD-2 program and as black by the human annotation:
number of points in the picture classified as black by
the SORD-2 program.

number of points in the picture classified as white by
the SORD-2 program.

number of points in the picture classified as black by

the human annotation.




N.w = number of points in the picture classified as white by
the human annotation.

The analysis of the picture consisted of comparing, for each
point in a TIROS picture, the classification for that point made by the
SORD-2 program and the human annotator. For each picture nine point
totals, representing the nine possible paired category combinations,

were tallied, as follows:

(1) NBB’ NWW’ NBW’ and NWB’ as defined above

H

(2) N

BO number of points in the picture classified as

black by the SORD-2 program and '"broken
cloud" by the human anotation

NWO = number of points in the picture classified as
white by the SORD-2 program and broken
by the human annotation

NOB = number of points in the picture classified as
broken by the SORD-2 program and black by
the human annotation

NOW = number of points in the picture classified as
broken by the SORD-2 program and white by
the human annotation

NOO = number of points in the picture classified as

broken by both annotations
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By appropriate summing of the entries in these categories, the
values needed for the Pearson r computation may be obtained. It is noted

that NT is the sum of entries in all nine categories and that:

Ng, = Ngg * Npo * Npw
Nyw. = Nyw * Nyo + Nusp
N.y = Npp + Nop + Nyp
N.yw = Nyw* Now * Naw

Since each picture consisted of 118 lines and each line contained

118 points, computation of the correlation coefficient for a single picture
would have required an examination of 13,924 points. In a pilot study
using techniques identical to those employed in this study on a different
TIROS picturel, the effect of computing the coefficient based on a
sampling of points in the picture was investigated. Three sampling levels
were selected: the first randomly picking 1 point in 10 in the picture;
the second, 2 points in 10, and the third, 5 points in 10. The four
correlation coefficients attained were:

for 10% sampling .85

for 20% sampling .81

for 50% sampling .85

1. This picture appears as Figure 4 in the Final Report for a
Study of Cloud Patterns as seen by Meteorological Satellites, Volume 4,
Steps Toward Automatic Gloud Pattern Discrimination, Page 13.




for 100% sampling .83

These were then compared using a chi-square test for homo-
geneity. The correlatioﬁs were piactiéally identical, indicating that for
these samplings there was no appreciable change in the obtained corre-
lations. These results ar'e shown in Appendix 1-C.

As a resulf of this finding it was decided that for the present
study the manual comparison of the two annotations could be made by
comparing one point in ten with a very low probability of any substantial
error in the correlations. The sampling scheme adopted was a system-
atic sampling of every tenth point, beginning with the first, from each
line in the picture.

After the tallies were completed the sums in each category
were found and the correlation coefficient computed for the human/
computer annotation of each picture. These correlations are shown in
Table 1-2. In all cases they proved to be significantly different from
zero at the .0l probability level. The high general level of the corre-
lations has been mentioned in Section 1. 1.

In Table 1-3 the mean, minimum and maximum correlatiqn
are listed for each picture. The mean was obtained by applying to each
“co¥reldtion r the log normal transformation

Z' = 1/2 [loge (l+r) - 1oge (1-r)§= f(r),



Table 1-2

Human/Computer Picture Annotation Correlations

Picture 1 2 3 4 5 6
1 .93 .7é .82 . 89 .92 .85
2 .93 .93 .85 .93 .92 .80
3 .53 .41 . 40 .61 .71 .30
4 .36 .35 .54 .83 .84 .57
5 . 68 .65 .58 . 87 .93 .59
6 .81 . 85 .67 .89 .92 .79
7 .58 .38 . 36 . 49 .56 .37
8 .67 17 .67 .81 .82 .60
9 .66 .87 .62 .85 .91 .57

10 .64 .64 .53 .73 .74 .53




Table 1-3

Mean, Minimum and Maximum Human/Computer Picture

Annotation Correlation

Correlations
Picture ' Mean Minimum ‘Maximum

1 .88 : .78 .93
2 .90 | . 80 .93

-3 .51 .30 | | .71
4 .63 .35 .84
5 .76 .58 .93
6 . .84 .67 .92
7 46 .36 .58
8 .73 .60 .82
9 . .78 .57 .91

10 b4 .53 . .74
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—' -
converting the arithmetic mean Z to the corresponding r - value

P-4z,
The transformation serves to reduce the disproportio-natbely high weights
given to higher r-values due to the non-normality of the distribution of r.

It should be noted that some caution should be exercised in using
the mean r value to serve as a ''representative value'' for all possible
human/computer annotations of the given picture. An examination of
the individual subject correlations does reveal appreciable differences
separating groups of values for some pictures, indicating the possibility
of a bimodal population (this is further discussed in the next section).
The mean value considered in conjunction with the range, however,
affords a reasonable interval estimate which may be considered as
representative of the likely range of values to be encountered over a
wide variety of subjects.

The results of the ten individual picture annotations are shown
in Figure 1, Pictures 1 through 10. Each figure shows four pictures
labeled A through D. Picture A is the unannotated picture showing
only the original elements. Picture B is the computer-annotated picture,
with hand-drawn region outlines added to facilitate comparison with
Pictures C and D, the subject-annotated pictures showing the highest

and lowest correlation with Picture B.
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Figure 1

Annotations for Pictures 1-10
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A, Original

C. High Correlation (.93)
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PICTURE 1

D. Low Correlation (.78)
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C. High Correlation (.93) D. Low Correlation (.58)
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1.5 Discussion of Results

1.5.1 Subject Differences

In this study the human and SORD-2 computer program
TIROS picture annotations have been compared as a test of validity of the
SORD-2 program and others to follow in the continuance of the research
effort.

Of the six test subjects, the annotations of the two engineers
{subjects 4 and 5) were found to compare more closely wifh that of the
computer than those of the remaining four (administrative/secretarial}
subjects. Considering all subjects, the rank order of correlations from
picture to picture remained generally constant. It can be conjectured
that annotations for one type of subject will resemble more closely the
annotation made by the computer than for another type of subject. Of
some interest is that the subject who usually obtained the highest
correlation is an optical engineer, the most technically trained subject
in the sample.

The original test material can be described as an unstructured
pattern resembling in some ways the Rorschach ink blot. Subjects, ir
looking for segregated cloud portions of the picture, will reveail
distinctive perceptual and motivational tendencies. Thus the subject who

makes only a few lines on the picture, grouping large areas into one
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category, may tend to perceive such material globally and be less
motivated to discern smaller aberrations within larger groupings.
Another type of subject is more analytical and will expend considerable
time and effort in outlining small portions of the picture. These small
outlined regions will consequently have‘li’ctle textural variation within
their borders.

The results suggest that the analytical subject's annotation will
more closely resemble the computer annotation. Trained meteorologists
with a strong incentive to perform careful, accurate annotating are likely
to be of an analytical temperament. Thus if the subjects are drawn from
a population of trained meteorologists the correlations of their annotations
with the SORD-2 program would be expected to be more consistent (since
one would expect few ''global' types in this sample) and therefore the

correlations would likely be higher.

1.5.2 | Picture Differences

In Table 1-4 the pictures are ranked according to
their mean correlation, which may be interpreted as the degree of
similarity of the human and computer annotations. The pictures are
also labelled by the type of cloud formation that they illustrate. Since

in general only one instance of each type of formation is used, on the
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Rank

1

10

Table 1-4

Ranking of Pictures According to Similarity of Human and

Computer Annotations

Mean Meteorological Pattern
Picture Number “@orrelation Represented in Picture
2 .90 Bands
1 . 88 Streaks
6 .84 Sharp region boundaries:

Cells/solid cloud

9 .78 Sharp region boundaries:
Cells/solid cloud

5 .76 Noncloud streaks
8 .73 Sharp region boundaries:

Small cells/solid cloud/so
solid noncloud

10 .64 Cells
4 » .63 Bands
3 .51 Curved streaks
7 . 46 Curving bands
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basis of the experimental results ‘it is_pos sible only to indicaj:e, without
statistical analysis, which patterns are more likely to yield a computer
annotation closely resembling a human annotation, i.e. which might be
relatively more susceptible to automated analysis.

The most significant observation that can be made concerns
the relationship between curvature in a cloud pattern and the human/
computer annotation correlation. The highest correlations aré observed
in pictures 2 and 1 with straight-line patterns, while the lowest are
observed in pictures 3 and 7 with curved streets and curved bands.
A tenative explanation for this flinding is that the subject is more re-
sponsive to curvature of form in his cloud delineation than is the SORD-2
program at this stage.

The remaining cloud patterns have correlations in the range . 63
to .84. It is not tenable without further pictorial material to conclude
that there is a significant difference in the ability of the program to

annotate the different pattern types represented.

1.6 Conclusions
The SORD-2 program can be said to perform an annotation on
a variety of TIROS pictures which closely resemble annotations performed

by naive human subjects. Although restrictive sampling of pictorial
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material has been made in that selected meteorological criteria were
used in the choice of' original pictures used in the study, it is also
true that the reasonably high correlations were obtained for signi-
ficantly representative varieties of picture patterns. Further
development of SORD-2 techniques will point the way to automated
processing and classification of the entire variety of material

transmitged to earth from TIROS satellitésQ
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Appendix 1-A

Instructions to Subjects for Human/Computer Picture Annotation Study

The TIROS Weather Satellite program is designed to provide
NASA and the Weather Bureau with photographs (or digitized versions
of photographs) of cloud masses covering large portions of the earth's
surface. The Information Sciences Center is currently developing a
program for a general purpose computer that will enable the computer
to scan these photographs and determine the presence or absence of
clouds and some of the cloud's properties such as size, shape, location
and type.

The validity of this program will be determined eventually
by a comparison with annotations made by humans performing the same
task., This present study is intended to provide an indication of how
humans delineate and classify cloud masses.

I will show you a series of binary quantized TIROS pictures and
I want you to carefully outline and label those portions which you feel
may be properly classified as (a) Solid Cloud (b) Solid Noncloud, and
(c) Broken Cloud.

I will first show you some examples of portions of pictures

which have already been annotated. Note the following remarks in
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making your cloud outlines:

(1) All portions of the picture should be annotated within
its borders,

(2) A few stray points or white spaces within a region
should not affecf your judgment of whether the région
is solid cloud or solid noncloud.

(3) The shape of a region may not resemble cloud forma-
tions that you are familiar with, Don't let this influ-
ence your judgment of cloud boundaries.

(4) A boundary will occur only between dissimilar cloud
ma;sses; it cannot be drawn between clouds of the same
type.

You will first perform a training annotation in which you may
ask me any questions on the proceduré and then you will perform the

test annotations.
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Appendix 1+B
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Appendix 1=C

R esults of Chi-Square Test for Homogeneity of Annotation Correlations

Obtained at Various Levels

Test of Homogeneity of Four Values of r

Sample B, T ni-3 Zi (ni-3)(zi) (ni-3)(zi2)
100% 2178 ,€29 2175 1.184 2,575,200 3, 049, 037
50% 1108 .847 1105 1. 245 1,375.725 1,712,778
20% 430 .809 427 1.125 480, 375 540, 422
10% 213 , 851 210 1.259 264. 390 332,867
Totals 3939 3.336 3917 4,813  4,695.690 5, 635, 104

. - 2
[£tn-3)(2)

x% = E(n-3)(z,) -
T(n.-3)
1
-2
[4. 695, 690
= 5,635,104 -
3,917
= 1,227

This chi-square value is not significant for lthree degrees of freedom at
confidence level . 95, Hence, the hypothe“sis is accepted that no signi-
ficant difference exists among the correlation values for a 10%, 20%,

50% and 100% sample.
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PART I

SB-2: A Computer Program for Plotting Solid Regions

and Brokenness GContours on a Digital Picture of

Two Brightness Levels

ABSTRACT

This Part describes a computer program which first applies
program SORD-2 (ref. Part I) to separate a black-and-white digital
picture into "solid" and "broken'' regions and then applies a program
designated BRAND-2 to analyze further the broken regions, assigning
to each broken-region element a number which measures the '"degree
of brokenness" of the picture at that point. The SB-2 prografn produces
a printout of the annotated picture plus a frequency distribution of the
numbers measuring the degree of brokenness. The program was
developed with the aim of investigating the feasibility of utilizing

measured characteristics of brokenness in meteorological pattern

recognition,




2.1 Introduction and General Description

After developing in program SORD-2 a technique to subdivide
a black-and-white digital picture into solid and broken areas, the next
step in the direction of automated meteorological pattern recognition
is further analysis of these broken areas. The major purpose of SORD-2
is to locate .these broken areas, which are considered most likely to
contain any patterns of signif{éance. This Part of the report describes
a computer program embodying a technique for further analysis of
these broken regions. This technique, termed "brokenness contour”
plotting, is felt to be potentially very useful in extracting statistics
applicable either to meteorological pattern recognition or to distin-
guishing between meteorological patterns. Furthe rﬁaore, it may be
possible to analyze geometrically the brokenness contours themselves
with either of these ends in view.

The SB-2 program, written for the IBM 7090/94 computer,
consists of two parts. The first part is the SORD-2 program,
(Reference 1. 1-IV)1 which separates the picture into solid noncloud,
solid cloud and broken regions. The second part is a prggram desig-
nated BRAND-2, BRAND signifying "Broken Region Analyzer and
Delineator"™. BRAND-2 considers only the broken regions delineated
by SORD-2, using a "window" scanning technique ana.logo.us to that
employed in SORD-2. A number termed the "degree of brokenness"
is computed for and attached as a label to each element (point) within
a broken region. This number ranges in value from 0 to 9. The

higher its value, the more broken is the picture in the neighborhood

1, With minor additions and improvements which will be
noted in appropriate sections below.



of the point it labels. '"Degree of brokenness' is defined in terms of
observed contrasts in brightness between neighboring horizontal or
vertical elements. The "neighborhood" is defined in terms of the
scanning window, a square whose side length is a program parameter.
Over a square n elements on a side, the maximum possible number
of contrasts occurs in a pattern of alternating black and white elements
in a "checkerboard" pattern. The minimum possible number of con-
trasts occurs in a square containing all white or all black elements.

The degree of brokenness is the ratio of the number of observed

contrasts to the maximum possible number of contrasts within the

neighborhood (which is either the scanning square or, if all of its
elements do not belong to a broken region, a proper subset of it). The
number 0 signifies a ratio of 0 to less than 0. 1; the number 1, a ratio
of 0.1 to less than 0,2, etc.,, with the number 9 signifying a ratio of
0.9 to 1. 0.

The SB-2 program produces, first, the annotated digital
picture in the same format as SORD-2 except for the broken regions,
where the overprinted slashes of SORD-2 are replaced by the "brokenness
numbers' labeling each broken-region element. Connec ted strings of
like numbers appear as "brokenness contours'' in the picture analogous
to Marggraf's "cloud/no-cloud contours® (Ref. 2. 1).

The SB-2 program produces, secondly, a tabular frequency
distribution of the number of elements with brokenness value 0, 1,

..., 9 appearing over all the broken regions of the picture. For each

value V=0, 1, ..., 9 is also listed the percentage
P(V) = 100 (Total area of picture with brokenness value V)
Total broken-region area of picture

Also listed are the total number of broken-region elements in the

picture, and the percent of total picture area occupied by these elements.




Geometric examination of specific contours, in addition to

statistical analysis ok the distributions of brokenness percentages and
frequencies relating to whole broken regions, is expected to prove
useful as a preliminary tool in pattern recognition. In any event, if
the conjecture proves to be correct that areas of maximum brokenness
are most likely to contain meteorological patterns of significance, the
BRAND technique will have proved its usefulness as a pattern detector.
The remaining sections of this Part describe the SB-2 pro-
gram input, operating parameters, output, and logical structure,
followed by a logical flow chart (Figure 2-3) and a symbolic listing of
the program (Figure 2-4).

2.2 Input

The data input to the program consists of a digital repre-
sentation of the picture in exactly the same format as for SORD-2.
On input to computer memory from magnetic tape, picture elements
are stored six to a 7094 computer word, six bits per element. Ele-~
ment brightness values range from 0 for the darkest to 63 for the
brightest. The entire picture (or subpicture) to be processed is stored
in computer memory prior to processing. The maximum picture size is
1000 rows by 120 columns of elements. The program may be entered
as many times as desired on a single run, each time to process one
of a specified set of subpictures drawn from the "file™ of pictures on

magnetic tape. The parameters required to do this are described in

the next section.,

2.3 Operating Parameters

[y %]
)
=
[o)

SB-2 requires all the parameters required for SORD-
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one additional. The entire set follows:
Allowable Range

Parameter Definition Min. Max.
T Cloud-noncloud threshold 0 63
L1 First line of tape picture 1 tape limit
L2 Last line of tape picture 1 L.1+999
W1 First wbr_d'of tape picture 1 . 288
w2 last word of tape picture 1 W1+19
S Scanning square side length 1 30

(in elements) for SORD
processing

S2 Scanning square side length 1 30
(in elements) for BRAND
processing

WR Words per line of tape picture 1 288

BW Max. quantity of noncloud ele- 1 S
ments allowed in square assigned
to "'solid cloud" region

BB Max. quantity of noncloud ele- 1 S
ments allowed in square assigned
to "solid noncloud" region

The cloud/noncloud threshold T is used to classify elements

as noncloud or cloud as they are input from tape into computer memory.
Elements whose value exceeds T are classified cloud; otherwise, non-
cloud.

The location on magnetic tape of the subpicture to be processed

is specified by the "length" parameters Ll and L2 and the "width"
parameters W1 and W2. Picture lines on the tape are numbered
sequentially from 1 through the entire picture file. The width is
expressed in computer words (of six elements each) rather than single
elements. The parameter WR defines the overall width of the picture

stored on magnetic tape; W1 and W2 define a segment of this width.




The scanrning square size for SORD and BRAND processing

is specified by the parameters S and sz, respectively. Specifying
these independently of one another provides the opportunity to deter-
mine their independent effects on picture annotation.

The definition of "solid" regions is supplied by the parameters

BW and BB. Any scanning square of elements containing BW noncloud
elements or fewer is assigned to a "solid cloud" region. Any scanning
square of elements containing BB noncloud elements or more is assigned
to a "solid noncloud"” region. If the number of black elements lies
between BW and BB no assignment of the square is made to a solid
region, and any elements not so assigned after the scan is complete
make up the "broken™ regions of the picture.

Parameters are supplied to the program on cards included
within the "driver" or executive control subroutine. They are identified
by the symbols given above, the operation code DEC and the decimal

value. For example a value of T = 24 would be specified as
T DEC 24

punched in appropriate card fields. Sample parameter values are

included in the symbolic listing of the program (Figure 2-4).

2,4 Sample Output

A sample picture annotated by SB-2 is presented in Figure 2-1,
and the output of brokenness frequencies for this picture in Figure 2-2,
Elements of the original picture are represented as dots for

noncloud elements and spaces for cloud elements. Solid noncloud regions
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Brokenness

Value Frequency Percent
0 = 2 2
1 67 3
2 304 14
3 877 41
4 645 .30
5 167 8
6 29 : 1
7 3 0
8 0 0
9 0 0

2131 Broken Elements
6318 Elements in Pic;cure

34 Percent Broken

Figure 2-2

Output of Brokenness Value Frequencies

for Figure 2-1
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are overprinted with the character "X", solid cloud regions have no

) 2 . .
overprint, and broken regions are overprinted as follows:

Overprinted Signifying this range of local
Digit : degree of brokenness

0 0 to less than 10%
10 to less than 20%
20 to less than 30%
30 to less than 40%
40 to less than 50%
50 to less than 60%
60 to less than 70%
70 to less than 80%
80 to less than 90%
90 to 100%

O O ~N 0N bW N

The concept of brokenness, introduced in Section 2.1, is further
described in Section 2. 5. Also printed out are the total number of
broken-region elements in the picture, and the percent of total picture
area occupied by these elements.

These two outputs are provided for each magnetic ta.pe‘v
subpicture specified during a computer run, The parameter values

used in producing the sample annotated picture were:

2. This is a slight departure from the SORD-2 output format
described in Ref. 1.1-1V, where only border elements between cloud
and noncloud solid regions were overprinted by "X". The change was
made to improve picture readability.




5
S2 5
BW 2
BB 23

Figure 2-2 also lists the percentage distribution of brokenness
values; these represent the percent of the broken area of the picture
which is labeled with each of the numbers 0, 1, ..., 9. Below this
distribution is listed (1) the total number of broken elements in the
picture, (2) the total number of elements in the picture, and (3) the

percent of total picture area classified as broken.

2.5 Logical Description

The picture is first processed by the SORD-2 program and
then by the BRAND-2 program, A logical description of SORD-2
operation is provided in Ref. 1.1-IV, Following SORD-2 processing
the elements of the picture, stored in computer memory, have been
classified as belonging to either a solid cloud, solid noncloud or
broken region (henceforth the word "solid" will be dropped from the
first two designations), The BRAND-2 program processes only the
broken-region elements, ignoring the rest,

The two principal results of BRAND-2 processing are:

(1) The local degree of brokenness, or brokenness

percentage, as defined in Section 2.1, is determined for each broken-
region element of the picture. Each element is labeled with the digit

0, 1, ... or 9 expressing this percentage.



(2) Prior to labeling, isolated broken-region elements are
meyased" from the picture in the sense that these elements are reclassi-
fied either cloud or noncloud depending upon the surrounding context,
An isolated broken-region element is defined as one which is flanked
either horizontally or vertically by solid-region elements (which may
be both cloud, both noncloud, or one of each), This has the effect
of eliminating small patches of broken regions re sulting from the fact
that the broken-region classification performed by SORD-2 is residual
to solid-region classification. For example, a single string of broken-
region elements contained within a cloud region would be reclassified
as cloud; thin fiducial marks classified as broken on a solid background
would be eliminated; etc. .

Prior to processing, the value assigned to a broken-region

element is changed from the SORD-assigned value as follows:

Value Assigned By Bit Pattern

Element of

Broken Region SORD-2 BRAND-2 SORD-2 BRAND-2

Cloud 0 32 000000 100000

Noncloud 1 48 0000041 110000

Thus for BRAND-2, a leftmost bit of 1 signifies a broken-
region element; of 0, a sblid=region-klement. For a broken-region
element, a next-to-leftmost bit of 1 indicates a noncloud element; of
0, a cloud element. This format change was necessary to provide the
. four rightmost bits for storage of the brokenness value. Solid-region

elements retain the format of SORD-2, i.e.:
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Region type Element Value Bit pattern

Cloud Cloud 2 000010
Noncloud 3 000011
Noncloud Cloud ' 4 000100
Noncloud 5 000101

Processing consists of placing the scanning square, S2 elements
on a side, in all possible positions of the picture, starting from the top
and working from left to right for each successively lower line position
until the bottom of the picture is reached. If there are no broken
region elements within the square in its current position, or even
if there are no broken-region elements on the top line or leftmost
column of the square, the square is moved to the next position. This
test is performed to ensure that prior to computation of the brokenness
percentages the square will be positioned to cover a maximum area of
the broken region (i.e. to make the covered 'meighborhood' as large as
possible). Next, any isolated broken-region element within the square
which has not previously been assigned a brokenness value is '"erased,"
i.e., reclassified as belinging to a cloud or noncloud region. The
technique for performing this is described completely in the flow chart
of Figure 2-3 and it will be only generally described here. The four
elements horizontally and vertically adjacent to the element in question
are assigned a value 0, 1, or 2 according to their regional classification
of broken, cloud, and noncloud respectively. A logical operation
on a selected combination of these numbers first of all determines
whether the element is in fact isolated. If not, processing continues to

the next stage; if so, a series of further logical tests determines
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whether the element should be reclassified cloud or noncloud (e. g.
if it is flanked horizontally by cloud-region elements, it is reclassified
as a cloud-region element). That is, the "context" of the element is
determined in order to decide into which solid region the element
should be reclassified. Following "erasure™ the next element of the
square is considered,

1f the element is notisolated, its contribution to the brokenness
percentage is determined. 1f the element above it is a broken-region

element, a tally is made to the count A of broken-region-element

adjacencies over the square area. 1f, furthermore, it *contrasts"

with the given element (is noncloud when the given element is cloud
or vice versa) a tally is made to the count C of contrasts over the
square area. The same operations are performed on the left neigh-
boring element of the given element,

This continues until all elements of the square have been con-
sidered. If now at least one isolated element has been “erased"™, the
program verifies that there is still at least one broken-region element
in the first row and first column of the square (if not, the square is
moved to the next position) before performing the brokenness compu-

tations.

The value

P = Integer [ 1?5 ]

is computed and assigned as a label (by storage within the rightmost

four bit positions of the six-bit element) to all broken-region elements

3. Here note that the element itself is being considered,
rather than the region to which it is assigned.
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within the square which have not previously been assigned a value or
which have a preassigned value smaller than P, It will be seen that

P represents the degree of brokenness as the ratio of actual contrasts
to maximum possible contrasts over the neighborhood of the scanning
square, and that the P-value ultimately assigned to an element is

the maximum value obtained for varying positions of the element rela-
tive to the square.

On completion of the scan, elements of the picture stored in
computer memory have now been classified as cloud-region, noncloud -
region or broken-region with brokenness value 0, 1, ..., or 9. The
picture, consisting of the cloud/noncloud elements and the overprint-
ing indicating their regifonal assignment, is now printed line by line.
During this output a frequency count is made of the number of broken-
;s Ny ...n_assigned f'}1e value 0, 1, ..., 9

0" 1 9
respectively. Following the picture printout for each value i(i=0, 1,

region elements n

cess 9) the designation i, the frequency n., and the percentage of

total area

n,
1

n_ +n.+... +tn

0 1 9

are output as shown in Figure 2-2.

At the end of processing the picture representation in memory
remaiﬁs intact for optional further processing.

The logical flow chart of SB-2 is presented as Figure 2-3,
The IBM 7094 symbolic program listing for SB-2 is presented as Figure
2-4,
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Figure 2-3

SB-2 Flow Chart
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ﬁ TAPES
INPUT TAPE: PICTURE TAPE

PARAMETERS

INPUT PARAMETERS
l T THRESHOLD

. L1 FIRST LINE OF TAPE=-PICTURE
} NO. OF LINES

MAX N MEMORY L2 LAST LINE OF TAPE=PICTURE
P 1CTURE W1 FIRST WORD OF TAPL=PICTURE
INITIALIZE PROGRAM W2 LAST WORD OF TAPE-PICTURE
M
W NO. OF oy = L2-L14 S SCA.:;ggezzfsze size For SORD
WORDS PER W= W2-W141 WR WORDS PER LINE OF TAPE-PICTURE
LINE IN B, MAXIMUM QUANTITY OF NONCLOUD ELEMENTS
MEMORY-PICTURE IN SQUARE FOR ASSIGNMENT TO
N CLOUD REGION

ANY PARAMgTER W >120 or IMAXI>1OOO IN SQUARE FOR ASSIGNMENT TO
TOO LARGE! CLOUD REGION
S2 SCANNING SQUARE SI1ZE FOR BRAND

Y RROR PROCESS ING

DumpP
PARAMETERS

v

; J NO. OF ELEMENTS PER LINE IN

JMAX=—6W MAX  MEMORY-P ICTURE
SET QWTPUT AREA TO BLANKS
Kz NO. OF FIRST ELEMENT OF

TAPE-PICTURE
| MEMORY =P ICTURE L INE COUNTER
L

TAPE-PICTURE LINE COUNTER

W, >288, $>30, 52 >30) @ By MINIMUM QUANTITY OF BLACK ELEMENTS

PicTure INPUT

SET KZ = 6(wi-1) + 1
COUNTERS I =1, L=LZERO LZERJ MASTER TAPE LINE COUNTER
NEXT ;

PICTURE LINE | READ NEXT TAPE RECORD |

S
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LasTt PicTuRe N
READ BY? 0 (LZL+) >

Is
ELEMENT
"eLoue"?

S5TORE
"Non=-cLoup"
CLEMENT |IN
MEMORY P ICTURE

(3

K = K2 FIRST ELEMENT OF TAPE~-PICTURE LINE (INDEX X)
1 FIRST ELEMENT OF MEMORY-PICTURE LINE (INDEX J)

PICT(1,J)=0 | |@

Store "croup"
N ELEMENT IN
MEMORY P ICTURE

[ PICT (1,J) = 1
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SORD-2 PROCESSING

l Next ELeMENT

OF L INE

EnD OF N 3 TS
PICTURE = ——p
L INE? K = K+1

]

Y
ReaD N
LAST LINE N I = I+ € ?AP:XT
o = —» —>
PROCESSED? L = L+1
RECORD
Y NexT LiNE
oF PiCTURE
‘LACT = I MAX - S+1 ‘ J C
5 LasT' LAST OORD INATES OF UPPER
LLFT CORNER OF SCANNING
Laer = Y max =Y SQUARE 1IN LAST POSITION
(LOWER RIGHT CORNER OF
PICTURE)
AREA SUBDIVISION
FirsT LiNE
J =1 FIRST ELEMENT OF LINE
.;
v
p2
Sum = ZPicT(l+A1,J+AJ) BiT 1 COUNT NUMBER OF BLACK ELEMENTS
A, AJ =0,1,..., S-1 IN CURRENT SQUARE
1s sauare Couw <BW ) Y [
- L —— =
SOLID WHITE? ’ M REGION MaRKER
N SET MARKER TO "WHITE
Is sQuare
SOL1D BLACK? »
<
Y
v
M = 2 | SET MARKER TO

"Brack"
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’

MARK UNMARKED

IF PICT (1+ A1, J+AJ) ELEMENTS OF SQUARE

BI1TS 3, 2 = 0, SET €QuAL TO M AS ELEMENTS OF BLACK

Al, AJ =0, 1,..., S-1 OR WHITE SOLID REGION

LasT
ELEMENT
oF LINE?

LasT
L INE OF
PICTURE?

‘~ —@
ELEMENT

o
1 NEXT LINE

To FURTHER
@ SUBDIVISION OF
BROKEN REGIONS

usInG BRAND-2
PROCESS ING
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BRAND—2 PROCESS ING

For | =2, 3, ..., Tuax -1
J=2,3, ..., Juax -1

IF PICT(1,J) = 0, SET PICT (1,J) = 32
IF PICT(1,d) = 1, SET PICT (1,J) = 48 81T 6: 1=8BROKEN,

CHANGE FORMAT

OF BROKEN=REGION ELEMENTS
TO ALLOW STORAGE OF
BROKENNESS VALUE

LAST = IMAX
Jiast = YJuax
| =2

J + 52
| 4+ 52

SET BR6 TO A

non

O=soL 1D REGION
5: 1=NONCLOUB,
O=cLOUD ELEMENT
4 BROKENNESS VALUE

SET ROW AND COLUMN [NDEX FLAGS
FOR SCANNING SQUARE OVER WHOLE PICTURE.
PLACE SCANNING SQUARE AT TOP OF PICTURE

PLACE SQUARE AT LEFT BORDER OF P ICTURE

SET ROW AND COLUMN INDEX FLAGS
FOR CURRENT SQUARE

Fieure 2-3/Pace 5



™ squa SQUARE NOT AT 1 SQUARE AT 1 Last
BOTTOM OF BOTTOM OF SQUARE
P 1CTURE V P ICTURE POS ITION
p ANY BROKEN REGION T0 -
PICT(13J1) BIT 6 =1 ELEMENTS IN
For ANy J1 = J(1)JJ-1/ FIRST ROW OF BRY PICT(11,J1) BIT 6 = 1
SQUARE ? For 11 = 1{1)IMAX

TO TO
@ " G

TO NEXT SQUARE
POSITION

SQUARE NOT AT
RIGHT BORDER OF PICTURE

o+

PICT(11,J) B
For any |1

ANY BROKEN REGION
ELEMENTS IN

FIRST COLUMN

OF SQUARE?

T0
Y 8RS

ANY BROKEN REGION
ELEMENTS
SQUARE?

J1 = J(1)IMAX

‘@ @

To ouTPUT

IN

-

SQUARE AT
RIGHT BORDER OF PICTURE

N/

"T0
BR

REASSIGN ANY
(NOT PREVIOUSLY ASSIGNED A VALUE) WITHIN
SCANNING SQUARE TO SURROUND ING SOLID REGION.

(/ZTHER BROKEN REGION ELEMENTS, COUNT
NUMBER OF HORIZONTAL AND VERTICAL

\_

ADJACENC IES
NUMBER OF CONTRASTING HORIZONTAL
AND VERTICAL ADJACENCIES

ISOLATED*BROKEN=-REGION ELEMENTS

*|SOLATED: FLANKED ON
TWO OPPOSITE SIDES OR

FoRr MORE BY SOL ID-REGION
ELEMENTS
NOTE: DETAIL OF FLOW FROM

BR5 10 BR5T FotLLOwWS
MAIN FLOW CHART
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FIRST TIME

THROUGH

BR6
SET BR6 70 B

v

TO
BR

SECOND TIME

WAS AT LEAST ONE
NON=~ISOLATED PRINT
NOT PREVIOUSLY
ASSIGNED A VALUE?

WAS THERE AT
LEAST ONE
ISOLATED POINT?

THROUGH
,‘;"' BR6
RecycLE 71O
RE-CHECK SQUARE
POSITION RELATIVE
TO BROKEN REGION
P = INTEGER [10 E] ComPLETE
A BROKENNESS
V=P+1 vaLuve (P)
0<P <9

l
)

"
J1

[

FOR EACH BROKEN=-REGION ELEMENT
WITHIN SCANNING SQUARE,

iF PICT (11,J1) Buts b-1<v,
seT PICT

(11,J1) Bits 4-1
1(1)11-1
J(1)JJ-1

LABEL ELEMENTS
WITH BROKENNESS

\' VALUE

!

N

@
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IS SQUARE AT
OR PAST END
OF LINE?

IS SQUARE PAST
END OF LINET

Is SQUARE AT
OR PAST BOTTOM
OF PICTURE?

IS SQUARE PAST
BOTTOM OF
PICTURE?

To outPUT

MOVE SQUARE ONE COLUMN RIGHT

SET BR3 TO C

0

IS SQUARE AT
BOTTOM OF PICTURE ?

N D
-y SET BRL _,

MOVE SQUARE ONE L INE DOWN

SET BR3
TO B

T0
@
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OUTPUT

9

" SET BP(k) = 0, « = 0(1)9

SKIP TO NEW PRINT PAGE
| 2

%
&

OutpuT "AcTuaL" ELEMENTS
oF LiINeE !

BLack As "Dot"

WHITE As "BrLank"

ApvaNce PrINTER 1 LINE

=1 +1

- —
¢

NEXT LINE

CLEAR FREQUENCY TABLE

CoMPUTE
BP = BP(0}t...BP(9)

For Each k (k = 0(1)9)

OUTPUT
K BROKENNESS VALUE
BP (k) FREQUENCY
Bk(k)/BP  PERCENT OF TOTAL
QUTPUT
BP TOTAL BROKEN ELEMENTS !
E Juax  Tuax ELEMENTS N |
PicTURE
100(BP/E) PERCENT OF PICTURE AREA

IN BROKEN REGIONS
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NONCLOUD REGION

ELeMENTS As "X"

BROKEN REGION ELEMENTS AS VALUE P*

ELEMENTS 1 AND Jyax AND ALL REMAINING i
ELEMENTS AS "BLANK"

OUTPUT OVERPRINT MARKS FOR ELEMENTS OF LINE | l
i
1
Y

BP(P) = BP(P) + 1 FOR BROKEN RE GION ELEMENTS COMPUTE FREQUENCY

‘ OF VALUES

*P = V-1 WHERE V IS STORED ELEMENT VALUE
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'1§9L51;2_£9151_39u11u£
FLow cHART DETAIL BRS 10 BRST

A ADJACENCY COUNTER
C CONTRAST COUNTER
ISWCH  sSwiTCH SET IF ONE OR MORE
ISOLATED POINTS DETECTED
A=0,C=0, ISWCH = 0, VSWCH = O VSWCH  SWITCH SET IF AT LEAST ONE
NON=ISOLATED POINT WAS NOT
=1 ASSIGNED A VALUE
l’ 1,Jd COORDINATES OF UPPER LEFT
CORNER OF SCANNING SQUARE
11,J1  COORDINATES OF CURRENT

IS CURRENT
ELEMENT IN
BROKEN REGION?

PICT(11,J1) BiT 6 =1

Y

Has

ELEMENT OF SCANNING SQUARE

COUNT NUMBER OF ADJACENC IES
AND CONTRASTS BETWEEN

IT BEEN y PICT(11,J1) AND NEIGHBORING ‘
PREV IOUSLY BR5 BROKEN=-REG ION ELEMENTS 70
PICT(11,J1) Bits l-1 A ( ) BRER
ASS IGNED A S0 C IF ANY) ABOVE AND TO LEFT, 5
VALUE? AND ADD TO COUNTERS A aAND C
" 'l
R5CO
A1 LEFT NEIGHBORING ELEMENT
CONVERT AND STORE VALUES A2 TOP NEIGHBORING ELEMENT
FOR A1y A2, A3, Al An  RIGHT NE IGHBORING ELEMENT
0O IF BROKEN Aé BOTTOM NE IGHBORING ELEMENT
1 IF soLID cLOUD
2 IF SOLID NON-CLOUD
COMPUTE KysK STATISTICS FOR DETERMIN ING
= = A -
Ky A1A3, Ko AsAY ISOLATED POINTS
AN
IsoLaTED Y TO
WCH = 1
POINT? VSWC —> BR5CA

TO ADJACENCY COUNT
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N
Y
e
S

N AssiIGN
——> PICT (11,J1) 707
Y 0 SAMEAREGION AS

BRSP 2

CLOUD REGION
NONCLOUD REGION
BROKEN REG ION

ResAsS IGN 0
RICT{4189V)—>( Brer
REG I ON -

~Z00,

REASSIGN | TO
PICT(11,91)] T\8RsR
TO NONCLOUD

REG |ON

Assign Pict (11,J1) TO
TO SAME REGION — BRSR
AS Aq

?—*Y
@ BRSG
N

Assign Pict (11,J1) To0
SAME REGION AS Ag

0

SoLip ReGgioN (N or C)

|s PicT (n J1) T0
( h) A CLOUD ELEMENT BRSD

TO
BRSR
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BR5P
Y
T0
BR5G

N

Assign PICT (| 1,J1)
TO SAME REGION AS A}

BRSR

J1 = J1 41

N T0
Y
11 =11 +1

N T0
q

FiGcure 2-3/Pace 13



Figure 2-4

SB-2 Symbolic Program Listing
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* SB=2 (SORD=2, BRAND-2) PROGRAM

LBL SB2s2 .
~ ENTRY _ SABOP2
* REQUIRED SUBROUTINES
* . BASIC FORTRAN 1/0 PKG
LZERO COMMON 1 ,
W2 COMMON 1
Wi COMMON 1
L2 COMMON 1
L1 COMMON 1
BB COMMON 1
BW COMMON 1 B
WR  COMMON 1 o
T COMMON 1
s2 COMMON 1
S COMMON 1

EXTERN _PUT2
EXTERN TAKE2

* MACRO INSTRUCTIONS o
* MACROS USED=-EQUL s TEQL sADST» TAKEMy
# PUTMsTNQL s BTEST s CNVST sBRTOSL s SBST9SETV
TEQL  MACRO _ X»YsOUT TEST (X) NOT EQ(Y)
CLA X ] o
SUB Y
. TzE ouT
TEQL  END
TNQL _ MACRO _ X,Ys0UT TEST (X) NOT EQ(Y)
CLA X
-.SuB Y - .
TNZ ouT
TNQL  END. ,
EQUL  MACRO  YsX SET (Y)=(X)
CLA X e o
STO Y
EQUL  END o
ADST  MACRO  ZsXsY ADD AND STORF
CLA X
ADD Y
STO z B B
ADST  END
TAKEM MACRO _ AZEROsCsIsl
TSX TAKE2 4
PZE  _AZEROy2 -
PZE c
PZE I )
PZE J
TAKEM _END
PUTM  MACRO  AZEROsCslsJ
TSX  PUT2s4
PZE AZEROs 2
_ PpIE C
PZE I
PZE J
PUTM  END
BTEST MACRO  DELIsDELJsOUT BOUNDARY TEST
ADST IDELIs IsDELI
ADST JDELJsJsDELY
TAKEM  PICTsJAX»s IDELT s JDELY
ANA =6 MARKER BITS
SUB =2
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_____ TZE ouT . _IF A BOUNDARY POINT
BTEST END
CNVST MACRO A CONVERTs STORE ELEMENT VALUES
TAKEM  PICTsJMAXs11,J1 FETCH CURR ELEM
CAS =5 S
TRA *+h IF BROKEN
TRA *+1 IF _SOLID .
ARS 1 CONVERT TO 1 IF WHITE,
TRA *4+2 2 IF BLACK
CLA =0 BRKNe CONVERT TO 0 AND STORE
. ___.STo __ A
CNVST END
*
BRTOSL MACRO  ASUBN BRKN ELEM TO SOLID
CLA ASUBN ASSIGN CURRENT ELEM (BRKN)
ALS 1 TO SAME REGION AS
STO ~ ASUBN NETGHBOR ASUBN (SOLID)
TAKEM  PICTsJMAXsI15J1
ARS 4
ANA =01 EXTRACT BLACK/WHITE BIT
ADD ASUBN o o -
PUTM PICT s JJMAXsI119J1
BRTOSL END
*
SETV ~ MACRO  AsV SET VARIABLE CONNECTOR
CLA v
STA A ) _
SETV  END
¥*
SBST  MACRO  ZsXsY SUBTRACT AND STORE
CLA X
SUB Y
STO z e
SBST  END
* BEGIN PROGRAM
* SORD-2  SOLID REGION DELINEATOR SUBRTN
SABOP2 CLA WR SET CONSTANTSETCe
ALS 18
STD. .. LIOC i
LDQ WR
MPY =6
sTQ ER
SXA SAVE4 s4
CLA L2 TEST PARAMETERS
suB_ L1 .
ADD =1
STO TMAX
SuB =1G601
TPL ERROR IF PICTURE TOO LONG
CLA W2
__.suB. . Wl
ADD =
STO W
SUB =21
TPL ERROR IF PICTURE TOO WIDE
CLA WR
suB =289 _
TPL ERROR IF INPUT BUFFER TOO LONG
CLA S
SuB =31
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TPL ERROR IF SORD SQ SIZE TOO LARGE

CLA S2
.sus . =31
TMI IN1 IF BRAND SQ SIZE NOT TOO LARGE
FRROR CALL PDUMP s SsW2 93 ERROR DUMP CF PARAMETERS
LXA SAVE4 s 4
TRA Y
IN1 LDQ W
MPY .. =6
STQ JMAX
AXT 2091
CLA =0606060606060
STO OTBUF+20s1 SET OUTPUT BUFFER TO BLANKS
TIX *#=191s1
IN2 CLA w1 COMPUTE FIRST=ELEMENT NR OF INBUF
SUB =1
XCA
MPY =6
XCA
ADD =1
STO _ _KZ B}
EQUL Is=1
- EQUL LsLZERO
IN3 CALL RDSBIN READ NEXT TAPE RECORD
TIX 09059
T1IX LIOCs150
TIX 091sC
TRA %2
LIOC _ IORT INBUF2O9%%
TEQL LsL1sIN3A IF FIRST PICT RECORD REACHED
ADST  Lsls=1
TRA IN3
IN3A  EQUL KeKZ _ _INPUT PICTURE FROM TAPE INTO PICT AREA
EQUL Je=1
ING TAKEM  INBUFsERs=1sK TEST ELEMENT AGAINST THRESHOLD
SUB T
suB =1
TPL IN4A
CLA =1 _STORE IN PICT AS BLACK ELEMENT
TRA IN4B
IN4A  CLA =0 STCRE IN PICT AS WHITE ELEMENT
IN4B  PUTM PICTsJIMAXsIsJ .
IN5  TEQL JsJMAXsINSA .
ADST Jeds=1 IF END OF LINE
ADST KoKo=1
TRA IN4
_IN5A  TEQL LsL2sIN5B IF END OF PICT
ADST Isls=1

ADST  LsLs=1
CALL RDSBIN

TIX 09099 —
TIX LIOC»s1s0
TIX __ _0s1s0 _
TRA IN3A
INSB  CLA IMAX . COMPUTE COORDINATES OF _
SUB S LOWER RH .SQUARE OF PICT
ADD =]
STO ILAST
_CLA _ UMAX
SUB S
__ Figure 2-4/ Page 3 ==



ADD =1
STO JLAST
PSTART EGQUL Is=1 MARK PICT ELEMENTS AS BELONGING TO
P1 EQUL Je=1 BLACK»WHITE OR BROKEN REGION
P2 577 U COI'PUTE NCes BLACK ELEMENTS IN SQUARE
EQUL Jlsd
LXA Ss2 o
P 2A TQUL I1s1
LXA 551 o
P2 TAKEDH CPICTeJinAXesI1sJ1
AHA =1 o
ADD S5UM
STO SUi -
ADST Ila=1s11
TIX P2Pslsl —
ADET Jls=1sJ1
TIX P2As2s1
CLA AN
SUH SUM
Tl P2C IF SuUM GREATER THAN MINIMUM CLACK
CLA =2 ELSE SET MARKER TO WHITE )
TRA P2D
pa2cC CLA SUM
SUR BB
Til P3 IF SUM LESS THAMN MAXe BLACKs NO MARK
CLA =4 ELSE SET MARKER TO BLACK
P2 S5TO M
EQUL 111 MARK ALL UNMARKED SQ ELEMENTS
L XA Ss2
P2E EQUL JlsJ
LXA Syl
P2F TAKEM PICTsJiAX s I1lyJl
STO ELEM -
ANA =6 MARKER BITS
TNZ pP2G IF ELEMENT PREVIOUSLY MARKED
CLA ELEM ELSE MARK ELEMENT
ADD M
PUTM PICTsJMAXsI19J1
P2G ADST Jls=1y9J1 o e
TIX P2Fs1ls1l
ADST Ile=1»I1
TIX P2Es2y1
P3  TEQL JyJLASTsP3A
EQUL J1lsJ
CADST . o Jede=1_ e . S -
EQUL T1lsl
L XA Se1l . . -
P4 TAKEM PICTsJMAXs11yJ1
ANA =]
SUR SUM
- SLW SUM
ADST Tle=1,11
TIX P4slsl
ADST J19SseJl
AXT 192 .
TRA P2A
P3A ___TEQL  IsILAST»BRST
ADST Isle=1
TRA . _P1l.
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_ OUTPUT SUBRTN

*
0oT1 CAL =6B17 OUTPUT
CALL {STH) SKIP TO NEW PAGE
PZE FMT1909=1
_ CALL (FIL)
AXT 1044
STZ BP+10s4
TIX LI EY T
TRA OT1A .
FMT1 BCI 1s (1HL)
0T1A EQUL Te=2 o o
TRA O0T4 ) ‘
0T2 CAL =6B17 PRINT LINE OF PICTURE ELEMENTS
CALL (STH)
__PZE FMT290s1
TRA OT2A
FMT2 BCI 29 (1H920A6) ADVANCE PRINTER AFTER PRINT
OT2A EQUL" Je=1
oT2B TAKEM PICTsJMAX s 1sJ
STO ELEM
ANA =040 _ _BROKEN/SOLID BIT
TZE OT2AA IF SOLID
CLA ELEM S 7 v
ARS 4 BRKNe SHIFT B/W BIT TO LOW ORDER POS
TRA OT2BA
OT2AA CLA ELEM
OT28A ANA =1 EXTRACT ELEMENT BIT _
TZE 0T28B8B IF WHITE
CLA =033 BLACK ELEMENT SYMBOL=DOT
TRA 01281
0T2B8B CLA =060 WHITE ELEMENT SYMBOL=BLANK
NT2B1 PUTM OTBUF sONETWEs=1sJ
TEQL  JsJV¥MAXsCT2C -~ IF END OF LINE
ADST Jedse=1
TRA 0T28B ‘
0T2C AXT 2091 FEED LINE TO PRINTER
0T2D LDQ OTRUF+20s1
STR
TIX CT2Ds1s1 N
CALL (FIL)
0T3 ADST Isls=1 ) OVERPRINT SYMBCOLS FOR
TNQL IsIMAX90T S BOUNDARY AND BROKEN=REGION POINTSs
CAL =6R17
CALL (STH)
pZE FMT49091 e e _
TRA *411
HEAD 2CI 691 3P FREQ PCT
FiTyg BCI Le (6A6//7(111221155118))
AXT 1091
CLA =u
ADD BP+1C 1
TIX ¥e=ly9lel
STO TOTAL
AXT 6s1
OT3A LDQ HEAD+6 91
STR
TIX CT3As1s1l
AXT 1Cs1
oT3n P XD Cel
SUFR =10R17
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SSP

XCA
STR
LDQ BP+10s1
LLsS oo 18
STR
LDQ BP+10,1
MPY =100
DVP TOTAL
ALS 1
SUB TOTAL
TMI *4l
XCA . .
ADD =1
XCA
LLS 18
STR , S
TIX 0T3Bs1lsl
_CALL  (FIL)
CAL =6B17
CALL (STH)
PZE FMT590s1
LDQ  TOTAL
LLS 18
STR__ ...
CALL (FIL)
CAL =6B17
CALL (STH)
PZE  _FMT6+091 _
LDQ W
MPY =6
XCA
SUB =2
STO ELEM
_CLA L2 .
SuUB L1
SSuB ... =1
XCA
MPY ELEM
LLS 18
_STQ = ELEM
STR ‘
CALL (FIL)
CAL =6B17
CALL (STH)
PZE FMT7+001
LDQ TOTAL
MPY =100
LLS .18
DVP ELEM
L. S 18
STR
_CALL _(FIL) -
" TRA *#422
FMTS5 BCI T9(//(10X2111092Xs16H BROKEN ELEMENTS)) = .
FMT6 BCI Te(//(10X9111092Xs20H ELEMENTS IN PICTURE))
FMTT BCI 79(//(10X0111092Xs15H PERCENT BROKEN))
* ‘ LINES 2 THROUGH IMAX=1
. _LXA_ ___SAVE4s4 o o [
TRA 1s4 EXIT
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OT4 CLA =060 SET FIRST AND LAST ELEMENTS
PUTM OTBUF sONETWE 9=1sONE OF LINE TO BLANK
CLA =060 e
PUTM OTBUF sONETWE s=19s JMAX
EQUL Je=2

OT4A  TAKEM  PICTsJMAXsIsJ

__STo___ ELEM
SUB =6
TMI OT4AA v IF ELEM IN _SOLID REGION
CLA: ELEM IN BRKN REGION
ANA =017 EXTRACT BRKNNESS VALUE BITS
CAS =11
TRA *+4+1
suB =
SuB = .
PAC Os4
XCA
CLA BPs4
ADD =
STO BPs4
N XCA B ) _
TRA 0T4B
OT4AA CLA =
SuB ELEM
TPL ~ OT4AB IF ELEM SOLID WHITE
CLA =067 SOLID BLACK REGION SYMB = X
TRA 0T4B e
OT4AB CLA =060 SOLID WHITE ELEM SYMB = BLANK
OT4B  PUTM ~ OTBUFsONETWE s=1sJ
CLA J
SUB __ JMAX
ADD =]
_ TZE 0715 IF _END OF LINE
ADST Jsde=1
TRA ___ OT4A S ,
0T5 CAL =6B17 FEED LINE TO PRINTER)Y
CALL __ (STH) NO PRINTER ADVANCE
PZE FMT35051
— TRA 0T6 - )
FMT3 BCI 2y (1H+920A6)
(ORI XT 201
OT6A LDQ OTBUF+20s1
STR o
TIX OT6As1s1l
CALL (FIL)
TRA 0T2
o — e
* TEMP STORAGEs CTRSs ETC FOR BRAND=~2 AND SORD=-2
!1 . _DEC O PICT (MEMORY PICTURE) LINE INDEX
I1 DEC 0
IDELI DEC 0
ILAST DEC 0 I COORDINATE OF LOWER RH SQUARE IN PICT
IMAX DEC o0 LAST LINE OF PICT )
J- DEC 0 PICT COLUMN INDEX
Jl1  DEC 0 e
JDELJ DEC 0
JLAST DEC 0 J COORDINATE OF LOWER RH SQUARE IN PICT
JMAX DEC 0 LAST COLUMN OF PICT
K __. _DEC 0_ e . INPUT BUFFER INDEX
L DEC - O TAPE RECORD INDEX
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SUM _ DEC 0 _"SQUARE SUM
M DEC 0 ELEMENT MARKER
ELEM  DEC -0 S o
ER DEC 0 WIDTH OF PICTs IN ELEMENTS
SAVE4 DEC 0
W DEC 0 WIDTH OF PICTs IN WORDS
KZ DEC 0 FIRST PICT ELEMENT OF INPUT BUFFER
ONETWE DEC 120
ONE DEC 1 o
* .
* BROKEN REGION ANALYZER AND DELINEATOR SUBRTN
BRST  EQUL I9=2 CHNGE CODE OF PICT BRKN ELEMENTS
BRST1 EQUL Je=2 o EXCLUDE BORDER ELEMENTSs MOME BROKEN
BRST2 TAKEM PICTesJMAX»IsJ NEXT ELEMENT
TNZ BRST3A - -
CLA =232 BRKN WHITE« CHANGE FROM 0 TO 32
BRST3 PUTM PICTsJMAXsIsJ
TRA BRST4
BRST3A SUB =1 .
TNZ BRST4 IF ELEM SOLID
CLA =48 _BRKN BLACKs CHANGE FROM 1 TO 48
TRA BRST3
BRST4 ADST JeJds=1 NEXT COLUMN OF PICTURE
TNQL J9s JMAX9BRST2
ADST Isls=1 ~NEXT LINE OF PICTURE
TNQL I1+IMAX»BRST1
SBST ILAST»IMAX9S2 SET LINEs COLUMN INDEX FLAGS -
SBST JLAST 9 JMAX s S2 FOR SCANNING=SQ OVER WHOLE PICTURE
 EQUL I19=2 SQ AT TOP OF PICT (EXCLUDING BORDER)
BRSTS SETV BR3sV3A
BR1  SETV.  BR4»V4A )
EQUL Je=2 SQ AT FAR LEFT OF PICT (EXCL BORDER)
BR2 ADST I191sS2 SET ROWs COLUMN INDEX FLAGS
ADST JJ9JsS2 OVER CURRENT SQ
. SETV.____BR6sV6A
BR3 TRA * V C
BR3A .  EQUL _ JlsJ D ,
BR3A1 TAKEM  PICTsJIMAXsIsJl ANY BRKN ELEMENTS IN
ANA =040 FIRST ROW OF SQ o
TNZ BR4 YES
__ADST J1lsJdls=1
TNQL J1sJJsBR3A1
TRA BRS NOs TO NEXT SQUARE POSITION
BR3C  EQUL Ils1 ANY BRKN ELEMENTS IN SQ
_BR3C1 EQUL JlsJ
BR3C2 TAKEM  PICTsJMAXsI1sJ1
ANA =040 - B - -
TNZ BR5 YES
e ADST  J1sJ1s=1 o
TNQL J19JJsBR3C2
ADST [119]1,=1
TNQL I1s11sBR3C1
oo ... JRA ___ _OT1 _ . NOes. TO OUTPUT
BR4 TRA. * V C
BR4A . EQUL __ IlsI o
BR4A1 TAKEM  PICTsJMAXsI1ysJ ANY BRKN ELEMENTS IN
_ ANA 2040 FIRST cOL OF sQ
TNZ BRS YES

 ADST_ Ilslls=l e

I11s1IsBR4AL

. . _ > Fw-4[ Pa.ge 8




. TIRA _BR9 ... . . _ .. NO __
* ISOLATED POINT PROCESSING
BRS EQUL ISWCHs=0 SET SWITCHES
EQUL VSWCH»=0
EQUL As=0 CLEAR CTRS ~
EQUL Cs=0
EQUL __ I1s1 e _
BR5B EQUL J1sd
__BR5C TAKEM PICTyIMAX 11 ,4J1 CURRENT ELEMENT
STO ELEM
ANA =040 BROKEN/SOLID BIT
TZE BRSR IF NOT BROKEN
CLA ELEM
ANA =017 VALUE BITS OF BRKN ELEMENT
L TZE BR5CO _ IF NOT PREVIOQUSLY ASSIGNED A VALUE
BR5CA ADST JDELJsJly==1 ADJACENCY AND CONTRAST COUNT :
TAKEM  PICT»JMAXsI11sJDELJ LEFT NEIGHBORING ELEMENT
STO ELEMZ2
ANA =040
TZE BR5CH IF NOT BRKN
ADST _ AsAs=1 CBRKN.  COUNT 1 ADJACENCY
CLA ELEM
ERA ELEM2
ANA =020 B/W BIT = 1 IF A CONTRAST
TZE BR5CB IF ALIKE (NO CONTRAST)
ADST CesCor=1 ELSE COUNT 1 CONTRAST
BR5CB ADST  IDELIsIls==l . , o
TAKEM PICTsJMAXsIDELIsJ1 UPPER NEIGHBORING ELEMENT
STO ELEM2
ANA =040
TZE BR5R
ADST AsAs=1
CLA ELEM .
ERA ELEM2
ANA =020
TZE BR5R
ADST CsCor=1
TRA BR5R
BR5C0O ADST = JlsJlse==-1 ~ CONVERTs STORE REGION
CNVST Al VALUES FOR Als A2s A3y A4 LEFT NBR
ADST JlsJdle=2
CNVST A3 RIGHT NEIGHBOR
e __ADST J1sJle==1 RESTORE COLUMN INDEX
ADST I11911s==1
CNVST A2 N __TOP NBR
ADST I19119=2
CNVST A4 BOTTOM NBR
ADST I1s11s==1 RESTORE LINE INDEX
- . LDQ Al COMPUTE STATISTICS
MPY A3 FOR DETERMINING ISOLATED PTS
STQ K1
LDQ A2
MPY A&
STQ K2
CLA K1l
ADD K2
TNZ BR5C1 3 IF ISLTD PT (RETw 2 SOLID PTS)
EQUL VSWCHs=1 AT LEAST 1 NON=ISLMON=VALUED PT
TRA BR5CA TO ADJACENCY COUNT
BR5C1 EQUL ISWCHs=1 AT LEAST 1 ISL PT
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BR5D

BRR5D1

BR5E

BRSF

BR5F1

BR5G

BR5H

BRS5T

BR5J

BR5P

3
-
9]
~

BR5T

RR6
BRO6A

BR7

3
BRE
BR8A
BR8N

TEQL
TNOL
TAKEM
ARS
ANA
ADD
PUTM
TRA
TEQL
TNQL
TAKE
ARS
ANA
ADD
TRA
CLA
ADD
suBl
TZE
TAKEM
ANA
TNZ
TRA
TEQL
TEQL
BRTOSL
TRA
TEQL
BRTOSL
TRA
TEQL
BRTOSL
TRA
TEQL
BRTOSL
ADST
TNCL
ADST
[NGL
THQL
TNGQL

TRA
SETV
TRA
LDQ
MPY
DVP
XCA
ADD
STO

EQUL
EQUL
TAKEM
STO
ANA
TZF
CLA
NA

K1s=1+sBR5D
K23=19BR5E
PICTsJHAX 11 a1l
4

=01

=2
PICTesJMAXI1sJ1
BR5R

K19=49BR5F
K29s=49BR5F1
PICTosJMAXSI1sJ1
4

PR)H
PICTsJMAXs115J1
=020

BRS5F

BRSD
K19=CsBRSI
A29=04BR5P
A2

BRSR
Als=CsBR5J
Al

RRS5R
A39=043R5G
A3

BR5R

A e=0453R5G
A

J1sJls=1
J1sJJsDBREC
I1s11s=1
I1s11sBR5P
VSWCHe=1903RY
[SHCHs=19s2R7
END OF ISOLATED PT

PR6EIVED
RR3

C

=10

A

<< it

I1s1
J1sJ
PICTsJMAX 911 4J1
ELEY
=040
PRBC
ELEM
=017

IF Su/sW

CHANGE CURR ELE
TC SOLID WiilT=
EXTRACT B/%W BIT

IF 583/88
CHANGE CURR ELEWM
FROM BRKN TO SOL

IF SB/SYWs//S
SB/SW SR/ S
EXTRACT /%
IF CURRENT

IF CURRENMT ELEMI

IF LEFT OR RGT i
IF TCP SOLIDs JJ

EIT
ELEN

ELSE MERGE ELESENT INTO TCP REGION
[F LEFT GRKN» fIGIT SOLIC

ELSE MERGE ELEMENT INTC LLFT REGION
IF LEFT SCLICs RICGHT DPRIEN

ELSE MERGE ELENMENT INTO RIGHT REGION
IF TOP SOLIDs ZOTTO.. DR

ELSE MERGE CLESENT INTQ 2OTTOH Kuoltd
NEXT COL OF 5G

NEXT RO OF SGUARE

IF ALL BERKN PTS PREVSLY ASGHD VALUL
IF NO ISOLATCD PTS

PROCESSING

vV C

PUNBER OF CCONTRASTS SI1THIN 5w
MUMBER QF ADJUACEMNCIES WITHIN S
V=P+1s P=INTEGER(/10)

B = RBROKEMMISS PERCENTAGE

WITHIN SQs SET ZACH

BRXN ELEM VALUE IF LSTH Vs TC V
RROKEM/SOLID 2IT

IF NOT BROXKEN

ELSE IF BROKEMS

EXTRACT VALUE BITS

ENT

FRCHM BRKN

10 BLACK

ELACK
ENT WHITE

AN
P)R L < ININTY

TTCH BRKI
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RR&EC

BR9

pIA
~

A
Ay

V3A
V3an
V3C
V4&A
V4R
VoA
V6R
I1SWCH
VSWCH
K1

K2

\
FLEM2
I1

JJ

Al

A2

A3

A4

A

C
TOTAL

(Y3

INBUF
OTBUF
BP
PICT

SUB
TPL
CLA
ANA
ADD
PUTM
ADST
NaLk
ADST
TNQL
ADST
CLA
SuUR
THI
TNZ
TEQL
SETV
TRA
SETV
TRA
ADST
CLA
sug
Tl
TNZ
SETV
TRA

PZE
PZE
PZE
pPZE
P7E
PZE
PZE
NDEC
DEC
DEC
PDEC
DEC
DEC
DEC
DEC
DEC
DEC
NEC
DEC
DEC
DEC
DEC

BSS
BSS
BSS
BSS
END

\

BREC

cLEM

=062

\Y
PICTsJMAXeI1l0J1
JlsJls=1
JlsJJeBRER
I1s11s=1
I1s11sRRBA
Jedse=1

J

JLAST

BR2

BRGB
IsILASTsBROA
BR4 V4B
RR?2
RR34Y3C
BR2

Isls=1

I

ILAST
BRSTHS

071
RR3,V308
RR1

TEMP STORAGEs CONST
RR3A

RR&

BR3C

BR4A

BRS

BR6A

BR7

P

[ RE]

—~
<2

o

D OO

OO0 SO0

O O O

BUFFERSs WORK AREAS
288

120

1C

20000

IF pNEw ELES VALUE NOT GRTH CLu

CLEAR OUT OLE VALUE
PUT TIH neyl

T OEND OF LINE
EHD OF LINE
TTOs OF PICT (LAST

MOVE S0 1 LINE DOuN

IF SQ NOT AT 3OTTOM OF RPICTURC
IF PAST BOTTC!'s TO OQUTPUT

NANTSs ETC FOR BRARD=2

-
=
VAR COMNMNECTOR SETTINGS

STORED VALUE OF BRKN ELENEMT
NETGHB3OR ELENMENT

SQ PROCESSING

FLAGS

TEMP STCRAGE FOR

ISOLATED-PT SUBRTN

ADJACENCY CTR
B/W CONTRAST CTR
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PART III

SB-2 Applications: Delineation and Analysis of

Two-Brightness-Level Meteof‘ological Pictures

ABSTRACT

"This Part describes the application of program SE—Z to
TIROS VI pictures illustrative of various types of meteorological
patterns, Interrelationships among key parameters are investigated,
and’ oﬁtil.fh{l;n values determined. The relationship is inve stigate’;i -
" between the brokenness statistic é,nd meteorological phenomena ex-

hibited in the pictures.



3.1 Introduction

The principal objective of Part III is to investigate the rela-
tionship of the brokenness statistic (ref. Part II) to meteorological
phenomena exhibited in TIROS pictures. Prior to its accomplishment,
the interrelationships existing among critical program parameters,
such as threshqld value, SORD scanning square size, BRAND scan-
ning square size, and related statistics are investigated, on the
basis of which optimal or near-optimal parameter values are selected.

Also, looking toward a possible space system implementation of
selected SB-2 techniques in the future, means of their simplification
should be considered, with the aim of reducing processing time and
simpl; fying the required equipment for their implementation. One
such means is considered in this Part: placing the SORD scanning
square on the points of a grid instead of in every possible position
over the picture. Placing the square in every n-th position (yielding
a ''grid spacing' of n) results in a reduction of the total number of
positions of the square by a factor of nz, with a nearly corresponding
reduction in processing time. The results achieved with various grid
spacings are compared among themselves as well as with the 'full
processing' result of placing the square in all possible positions.

In examining the relationship between the brokenness statistic
and meteorological phenomena, care is exercised to determine whether
variations observed among different examples of the same pattern are
significant with respect to variations observed between different
patterns per se. The overall percentage of brokenness observed over
a specific area, usually that of a whole picture (of approximately
58, 000 elements) is also considered in its relationship to meteorological

pattern variation.
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Patterns selected for investigation were vortices, band

structures, and cell structures. Though pattern variations within

these categories are exhibited in the examples selected, these are

not singled out for detailed analysis at the present stage of investi-
gation, which is more concerned with the overall structural nature
rather than specific details of the patterns. It is believed that further
refinements of methods already developed may be subsequently appli-
cable to such finer distinctions as between well-defined and ill-defined
vortical shapes, continuous and cellular bands, and small-cell and
large-cell areas.

The basic results of the analysis which follows are exhibited
in pictorial form. The statistical observations deduced from these
are in no way intended to supplant this basic display of results. The
adage "ome picture is worth é. thousand words" could not be more appro-
priately expressed than in the context of meteorological picture analysis.

Eleven TIROS VI pictures were selected for the analyses des-
cribed in this and succeefdi_ng Parts of the report, exhibiting the three
meteorological pattern types cited above. These were selected from
a larger set of about sixty TIROS VI pictures which were in turn
chosen on the basis of a microfilm reader examination of about 500
film strips supplied by the NASA Goddard Space Flight Center,
Greenbelt, Maryland.

The film strips are listed by orbit number in the Catalogue

of Meteorological Satellite Data--TIROS VI Television Cloud Photo-

graphy (Reference 2.1) as containing frames exhibiting one or more of
the meteorological patterns in question.
Pictures are referred to in the report by number prefaced by

the letter P. A list of the pictures selected for analysis with a citation



of their TIROS orbit, frame number, and meteorological pattern classi-
fication is presented in Table 3-1. The pictures themselves are shown
in semi-photographic form in Figure 3-1. They were produced by a
Stromberg-Carlson SC 4020 photoelectrostatic printer which reproduces
tones in sixteen brightness levels, providing a fair approximation to

photographic quality.

3.2 Investigation of the Brightness Threshold

Probably the most significant parameter for the SB-2 pro-
gram is the brightness threshold. That threshold value must be
sclected which yields a picture at two levels of brightness most closely
approximating the picture at sixty-four levels of brightness, particu-
larly in respect to exhibiting significant meteorological patterns. Too
low a value will result in an ''overexposed'' picture distinguishing only
the very darkest noncloud elements; too high a value will result in an
"underexposed'' picture distinguishing only the very lightest cloud
elements. Sophisticated and unsophisticated techniques have been
devised for selection of a threshold based on examination of the set
of elements comprising the picture (human judgment is still probably
most frequently used), and hence the present analysis is concerned
primarily with the investigation of the effects of threshold variation on
other significant phenomena observed in the picture.

For the analysis, pictures exhibiting two meteorological
patterns were selected: P4 exhibits a pronounced vortex and P4l
exhibits a parallel cloud and noncloud band structure. For each pic-
ture the threshold was varied from a high value of 28 decreasing in
steps of 4 to a low value of 16, a total of four threshold levels per
picture. The other parameters, held constant for the analysis, were

sct as follows:
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Table 3-1

Characteristics of

TIROS VI Pictures Sampled for Analysis

Picture Orbit Frame Meteorological Patterns.
Designation Number Number Represented |
P2 005 31 ~ Cells--small
P4 034 31 Vortex--pronounced
P8 048 26 - Bands--cloud, straight,

cellular and noncloud,
straight, continuous

P10 077 30 Cells--reticulated

P12 091 27 Bands--noncloud,
straight, cellular and
noncloud, curved,

cellular

P22 347 9 Vortex--pronounced

P26 376 1 Vortex

P41 Unidentified Bands--cloud, straight,
continuous

P44 538 28 Cells--small
Bands--cloud, curved,
continuous

P49 620 23 Cells--large

P51 694 18 Vortex--pronounced
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Figure 3-1

Reproductions of

TIROS VI Pictures Sampled for Analysis
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P49

1

P5
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SORD scanning square size (S): 5
BRAND scanning square size (S2): 5

Solid cloud criterion (BW): 2 or fewer noncloud
elements in scan-
ning square

Solid noncloud criterion (BB): 2 or fewer cloud
elements in scan-
ning square

The output of SB-2 for the analysis is shown as the eight pictures of
Figure 3-2. For both P4 and P41 a threshold value of 24 appears best
to preserve the basic meteorological pattern features. At threshold 16,
rudimentary elements of the vortex survive, but the band structure has
virtually disappeared.

The effect of threshold variation on the percentage distribution

of the brokenness statistic over the whole picture was first noted.

Figure 3-3 presents bar graphs of this distribution for both pattern
types at each of the four threshold levels.

It is first interesting to note that the general shape of the
distribution, bimodal with peaks at brokenness value zero and another
value ranging from 2 to 5, is the same for all eight combinations. It
might be safely conjectured that this is characteristic of the distribution
in general.

However, there is a markedly discernible shift in the second

modal value for both meteorological pattern types as the threshold drops
successively from 28 to 16; furthermore, the shift is different for each
pattern. For the vortex the modal value shifts leftward from 3 at

T=28 to 2 at T=24, then to the right successively to 4 at T=20 and 5 at
T=16. Over the four levels the shift describes a curve which bends in

a concave direction to the left (i. e. with the bight pointing to the left).
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Figure 3-2

SB-2 Pictorial Output for Cloud/Noncloud Threshold Variation

(Note: Though the original photographs (Figure 3-1) are
square, these computer printouts from them are vertically oblong
in shape. This is because the 7094 printer "element' is not square
(as in the photograph) but vertically oblong. This remark applies
in general to the computer printouts shown in this report.)
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P4 (Vortex)




P4l (Bands)

T=16

1
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For the band structure, on the other hand, the curve starts on the

uppermost threshold level at a modal brokenness value of 2, shifting
to the right to 3 and 4 successively, then returning abruptly leftward
to a modal value of 2, This curve bends in a concave direction to the

Interpreting these results physically, a leftward shift in
the mode value (and also in the distribution as a whole) indicates a
general decrease in brokenness over the picture; a rightward shift,
a general increase in brokenness over the picture. In the case of
the vortex, a lowering of the threshold from 28 to 24 apparently had
the general effect of removing isolated patches of noncloud within
larger cloud areas; but from 24 to 20 and then to 16, the effect was
apparently to open up isolated patches of cloud areas within larger
noncloud areas. Analogous (though oppositely operating) effects are
noted for the band structure.

It may be conjectured at this point that the difference in the
modal shift at varying threshold levels may serve to distinguish a
vortical pattern from a band-structure pattern, or perhaps at least

to distinguish a pattern essentially circular or curved in structure

from one essentially linear in structure. To achieve greater confi-
dence in this result the experiment might be performed on two groups
of perhaps ten pictures each representing within each group significant
variations of the patterns under study.

Also important in this context is the relationship between

threshold variation and the percent of total picture area classified

as broken, or overall percent broken''. For the set of eight pictures

under consideration we have the following results:
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Percent of Total Area Broken for

Threshold Value:

Pattern 28 - ﬁ 20 - _1_6
Vortex (F4) 6 1 10 10
Bands {P41) 8 8 11 2

In general, the results suggest that the overall percent broken increases
as the threshold value decreases until a critical maximum point is
reached, whereupon the figure falls off sharply. For P41 the maximum
value evidently occurs in the neighborhood of T=20; a sharp falloff to
a percentage of only 2 is observed at the threshold level of 16. For P4,
the maximum value of 10% is reached in the neighborhood of T=16;
further threshold reduction could be expected to cause a sharp falloff.

Of further interest here is the observation that for both pictures
the threshold value producing the maximum overall percent broken is
less than the threshold value (T=24) which most accurately depicts the
picture pattern structure; i.e. the best threshold, from the standpoint
of pattern delineation, is not that which maximizes the overall percent
broken, contrary to what one might expect.

The same set of eight pictures was used to study the relation-

ship between threshold variation and broken region size. The results

are shown in Figure 3-4, which plots for each threshold/pattern combi-
nation the percentage distribution of regions by size (the size of a region
is defined as the numbter of picture elements it contains). The size is
exprcssed in ranges of 10 starting with 0 - to - 9 and continuing through

90 - to - 99 with a final category of size 100 and over. The general
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shape of the distribution is constant with a modal value cccurring at
the left and a sharp drop occurring in values as size increases.
Decreasing the threshold value appears to have no marked effect on
the distribution shape. However, at a given threshold level, inspection
of the two graphs shows that region size appears to be generally
smaller for the bands than for the vortex. For both patterns at all
threshold levels, at least forty percent of the regions are smaller
than 20 picture elements in area.

It is surprising to note that in general, as the threshold decreases
the total number of broken regions in the picture decreases, whkich :s
contrary to cxpecctation since we have seen that the total broken area

in general increases, The relationship observed here was as follows:

Total Number of Broken Regions

for Threshold Value

Patiern 28 24 20 16
Vortex (P4) 55 76 73 37 .
Bands (P4l) 116 91 91 13

Also of interest is the relationship between threshold variaiion
and the distribution of broken regions according to the maximum

brokenness value observed within a region. For the same set of

pattern/threshold value combinations, Figure 3-5 plots the percentage
distribution of broken regions according to maximum brokenness value,
For both patterns the effect of lowering the threshold is analogous to
that observed for the distribution of brokenness values per se

(Figure 3-3), In the present case the modal value shifts are the same,
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describing a leftwardly-bending concave curve in the case of the vortex,
and a rightwardly-bending concave curve in the case of the bands. This
shows, essentially, that the distribution of the maximum brokenness
value among regions is independent of the distribution of brokenness
values over the picture. That is, there are neither any concentrations
of a high value which would reduce the percentage of regions having
this as a maximum value relative to the percentage of the value itself,
nor any excessive "spreading out" of a maximum value among regions
which would tend relatively to increase this percentage. In other words,
the results suggest that for the present purpose, the dete rmination of
threshold effects, the distribution of maximum brokenness values
within regions may adequately represent the brokenness value distri-

bution itself.

3.3 Investigation of SORD Scanning Square Size

Having selected a threshold value which accurately depicts the
meteorological pattern structure in a picture, the parameter upon which
the output of program SB-2 is most dependent is undoubtedly the size
(S) of the SORD scanning square. Intuitively one suspects that a
small size will result in a picture subdivided into a great number of
small broken regions interspersed with solid regions. As the square
size increases, assuming that the "noise' parameters are kept con-

1
stant”, small local patches of solid cloud or noncloud are more apt

1. That is, kept constant is the noise ratio, i.e. the ratio
of the quantity BW (the maximum number of noncloud elements allowed
in a "solid cloud" scanning square area or BB (the maximum number of
cloud elements allowed in a '"solid noncloud'" scanning square area) to
the scanning square area. In all investigations described in this report
the "BW ratio" is equal to the "BB ratio'.
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to be assimilated into intervening broken areas, with the result that
larger, more connected broken regions appear. The next investiga-
tion to be described was conducted to examine this process.

The analysis was performed on the vortex picture P4, All
parameters except S were held constant, and S varied over four levels:
5, 10, 12, and 15. The constant parameters were assigned the follow-

ing values:

BRAND scanning square size (S2): 3
Noise ratio (ref, note 1 above): 8/100
Cloud/noncloud threshold (T): 24

The pictorial results for the four values of S are shown in Figure 3-6.
It is immediately evident that the results for the lowest value (S=5)
are markedly different from those for the three higher values which
are quite similar. The lowest value yields a scattering of many
small broken regions mostly clustered within the area of the "whorl"
of the vortex. The other three values each yield three large broken
regions plus a small quantity of smaller ones; the large regions
occupy the area of the "whorl" and two other areas flanking the cen-
tral cloud portion of the vortex. For the two intermediate values of
S, "holes"™ of solid cloud appear in the larger broken regions, of
which all but one disappear at S=15. The result for S=15 appears

to be most successful from the standpoint of a simple yet effective
classification of the picture into solid and broken areas. However,

even the result for S=10 resembles this sufficiently to make significant
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S=12

Figure 3-6

SB-2 Pictorial Output for UKD Square Size Variation
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the consideration of a tradeoff of pictorial result versus processing
time. 2 In any event it is clear that for the three larger S-values the
"“interesting' parts of the pattern have been effectively delineated by
the SORD process.

The effect of SORD square size variation upon the brokenness

distribution is noted in Figure 3-7, which presents the percentage

distribution of the brokenness value for each of the four levels of S.
The constant value of 3 was chosen for the BRAND square size (S2)
for reasons which will be presented in the next section. Over the
four levels the brokenness distribution is independent of variation in
the SORD scanning square s:i;ze. This is clearly according to .expecta-
tion for the three larger S-values, which are all large in comparison
with S2, but it is not intuitively evident in the case S=5.

These results (ref. also note 2) suggest that the value S=12
is the most satisfactory compaoomise between quality of end results
and processing time, assuming processing is performed by an IBM
7094 computer,

As might be expected, the percent of the whole picture area
classified as broken increases as S increases, Results for the four

1 1s w .
evels were Percent of Picture Area

S Classified "Broken''
5 7

10 12

12 13

15 15

2. Actual processing times on the 7094 computer for the four
values of S in ascending order were in the ratio of approximately
7:14:16:19, If specialized hardware were built to accomplish the
processing the magnitude of these differences could be no doubt re-
duced by proper desi gn techniques.
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3.4 Investigation of BRAND Scanning Square Size

The BRAND scanning square size (S2) can be expected to bear
a closer relationship to the brokenness distribution. For small values
of S2 one obtains a brokenness value based on small ﬁeighborhoods
about the central picture element. As S2, and hence the neighborhood,
increases in size the brokenness value becomes less subject to local
fluctuations in contrast and tends to "average out'". An analysis was
performed to explore this process in further detail, Four levels of
S2 were selected: 3, 5, 8, and 15. Other parameter values were

held constant at the following levels:

SORD scanning square size (S)3: 5
Noise ratio (ref. note 1 above): 8/100
Cloud/noncloud threshold (T): 24

The pictorial results are not shown in this case, bec;use the
shapes of the broken areas are dependent only upon the SORD square
size and essentially independent of the BRAND square size, as con-
sideration of the logical processing will show (ref. Part II). 4 The
information of interest here, the percentage distribution of broken-
ness values for the four levels of S2, is shown in Figure 3-8,

Though present the effect of increasing S2 is, especially on the three

lower levels, less than one might expect. From S2=3 to S2=5 the

3. With the following exception: when S2=15, S was also set
at 15, Since the previous analysis indicates that S and the brokenness
distribution are independent, this should be valid for the present pur-
pose. In any event it will be seen that in practice 15 is not a useful
value to choose for S2 under any circumstances,

4, Pictorial output from the standpoint of broken shapes for
the three lower values of S2 will thus be the same as the output for
S=5 for the preceding analysis, and for S2=15, the same as the output
for S=15 for the preceding analysis {ref. note 3),
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distribution clusters somewhat more closely about the modal value of

2. At S2=8 the modal value shifts to 3, with, however, more pronounced
clustering about this value. At S2=15 the modal value has shifted to 0
with a second smaller mode at 2.

The overall effect of increasing S2 is therefore to shift the
distribution to the left, supporting‘ the contention that smaller values
such as S2=3 are to be preferred as expressing more accurately the
BRAND concept of brokenness in the immediate neighborhood of a .

picture element,

3.5 Investigation of SORD Scanning Square Grid Spacing

The next analysis considers whether the pictorial output of
SB-2 wbuld be significantly changed by departing from the normal
practice of placing the scanning square in every possible position
over the picture, with the idea of considering departure in pictorial
output from '"full processing' output as a tradeoff against reduction
in processing time. Three grid spacings were considered: 1 (the
normal "full processing" case), 3, and 5. In the second case the
square is moved 3 elements to the right for each successive row
position, resulting in a reduction of positions by a factor of 9; for
the third case the reduction factor is evidently 25, The other

parameters held constant for the experiment were the following:

SORD scanning square size '(S): 15
BRAND scanning square size (S2): 3
Noise ratio (ref. note 1 above): | 8/100
Cloud/noncloud threshold (T): 24

3-14



The pictorial results for the three spacings are shown in Figure 3-9.

They are strikingly similar, the principal effect being a decrease in

the smoothness of region boundaries (an increase in stepwise angularity)

as the grid spacing increases. Also noticeable is an increase in the percent
of total picture area classified as broken, which is to be expected since

the classification of a scanning square area as broken occurs only

after initial attempts to classify it as solid cloud or noncloud have

failed; the greater the grid spacing, the fewer of these attempts are

made.

The effect of an increase in grid spacing on the brokenness
value distribution is shown in Figure 3-10. The effect is almost negli-
gible, indicating that BRAND processing is virtually unaffected by
grid spacing changes, even though the percent of total picture classi-

fied as broken increased as follows:

Grid Percent of Total Picture
Spacing Classified ""Broken"

1 15

3 18

5 23

Processing times for the three outputs in ascending grid-
spacing order varied in the ratio 19:11:8, indicating a considerable
(if not inversely proportional) decrease in time saving.

The overall results indicate that the grid spacing technique
produces results sufficiently closely approximating the results of
""full processing'" to warrant its serious consideration as a technique

for reducing processing time in future hardware or software systems.
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Figure 3-9

SB-2 Pictorial Output for Grid Spacing Variation
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3.6 Investigation of Meteorological Pattern Variation

The investiga.tions outlined in preceding sections have enabled
the déte rmination of significant relationships between SB-2 program
input parameters, on the basis of which parameter values can be
selected for the investigations to follow. These are concerned directly
with the question of whether the brokenness statistic is significantly sensi-
tive to change in meteorological pattern or to variations in a particular
pattern exhibited in different pictures.

On the basis of the previous inve.stigations and visual exami-
nation of pictoi'ial outputs a threshold value of 24 has been determined
to be most desirable. It is recognized that this may be the result of
the characteristics of the selected data set; Arking (Ref. 3.1) and others
have pointed out that variations in sun angle, camera angle and other :
factors can cause wide variations in picture brightness which in turn
produce corresponding variation in the "best'" threshold value. Arking
found that the value could safely be expected to remain constant over
a given serial sequence of pictures, but tended to vary significantly
between sequences. In the present case the value of 24 has been found
to be satisfactory not only for the set of pictures selected for analysis
in thié report but also for the larger set of about sixty pictures from
which it was drawn (ref. Sec. 3.1).

The SORD scanning square size found to be most satisfactory,
as mentioned above, is 12, This decision, reached on the basis of
preceding analyses, can be expected to be valid for any digital cloud
picture data of the type dealt with heré.

The most satisfactory BRAND scanning square size has been
fbund in a preceding section to be 3. This is the best choice, ina
discrete approximation of a "real world" environment, to a neighbor-

hood in the"™immediate vicinity"™ yet not small enough to give rise to
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inaccuracies occasioned by the discrete nature of the data (with a
scanning square of size 2, for example, only eight different values

of the brokenness statistic are computationally possible, due to the
restricted number of possible cloud/noncloud element adjacency com—;
binations).

A set of nine pictures was selected for the present experi-
ment. Three (P4, P51, and P56) exhibit a vortex, three (P8, P12,
and P44) a band structure, and three (P2, P10, and P49) a cell
structure. To recapitulate, the fixed parameters chosen for the set

were the following:

SORD Scanning Square Size (S): 12
SORD Scanning Square Grid Spacing: 1
BRAND Scanning Square Size (S2): 3
Noise Ratio (ref. note 1 above): 8/100
Cloud/noncloud Threshold (T): 24

SB-2 program output for the nine pictures is shown in Figure‘ 3-11.

Two pronounced vortices and one less pronounced vortex
comprise the set of pictures in the first group. The patterns are
clearly discernible in all three pictures: in P4, by the shapes of the
large broken areas and by the boundary marking the vortical cloud
center; in P51 by a single large broken area and by a similar boundary;
and in P26 principally by broken and solid noncloud shapes on a cloud
background. For vortices, the pattern appears thus to be revealed
both by shape, and by line as the boundary between different textural
regions.

In the second (band structure) group, the first two pictures
(P8 and P12) exhibit parallel sets of bands; the third (P44), a single
large band. Inthis case the patterns may be discerned entirely by

region boundaries.
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Figure 3-11

SB-2 Pictorial Output for Meteorological Pattern Variation
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In the third (cell structure) group the cell patterns are re-
vealed in various ways., In P2 the cells appear principally as broken

or cloud shapes on a noncloud background; in P10, similarly; and in

P49, as broken, cloud, or noncloud shapes on a contrasting background.

The detection of cell patterns will thus require the generalized ability
to distinguish a cellular shape from its background, where the cell
may be cloud, noncloud, or broken.

These results indicate that for recognition of vortex, band,
and cell pattern types techniques (1) to detect and analyze both line
and shape and (2) to distinguish regions as either foreground shapes
or background will be required. The ability of program SB-2 to
provide inputs for these types of analysis is clearly demonstrated by
the examplese'of Figure 3-11.

The brokenness statistic percentage distribution was also
examined as a possible means of distinguishing the three pattern
types. A plot of the brokenness distribution for the nine .pictures of
Figure 3-11 is shown in Figure 3-12., The form of the distribution
is essentially the same for all pictures, bimodal with a small peak
at brokenness value 0 and a large peak at value 2 or 3. Within the
same pattern group the distributions are almost exactly similar.
Between pattern groups it is evident that the band-structure distribu-
tions are significantly displaced to the right from those of the other
two groups. Between the latter, however, no displacement is graphi-
cally evident. This is further evidenced by examination of the mean
brightness for each picture within groups and for each group as a

whole:
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Mean Brokenness Value

Picture Group
Pattern 1 2 3 Mean
Vortex 2,52 2. 35 2. 56 2.47
Band Structure 2. 58 2. 86 2.81 2. 74

Cell Structure 2.47 - 2,55 - 2.36 2.46

On the basis of these results a reasonable ability of the
brokenness statistic to distinguish bands from the other two pattern
types is indicated. No significant ability to distingui sh the other

two is indicated.
In comparison with the brokenness statistic, the percent

of picture classified as broken was found to differ between pattern

groups more significantly.

Percent Classified "Broken"

_ - Picture Group
Picture 1 2 3 Mean
Vortex 13 19 14 15
Band Structure 30 34 68 44
Cell Structure 14 25 33 24

Here again the results for band structure are significantly
different from the results for the other two patterns; in addition, the

results for cell structure and vortex are also clearly distinguishable.
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PART IV

SB-3: A Computer Program for Plotting Solid Regions and Brokenness

" Contours on a Digital Picture of N Brightness Levels

ABSTRACT

This part describes a computer program which is an extension
of program SB-2 to pictures of N discret;e levels of brightness. This
program was developed to make full use of the SB-2 technique by
applying it to all levels of brightness simultaneously, and to compare
SB-3 and SB-2 results to determine if this extension in concept yields

an accompanying increase in processing capability.



4.1 Introduction and General Description

The concepts of program SB-2 have proved valid for the
restrictive class of pictures for which it was designed: pictures con-
taining two bri‘ghtness levels defined by a single threshold, elements
being classified as ''cloud" or "noncloud" according &s their brightness
values lie above or below this threshold. The question arises as to
whether the picture subdivision techniques of SB-2 can be applied to a

multi-brightness-level picture,i.e. one whose elements are grouped into

N brightness levels where N is greater than two. The quantity N is
considered also to be considerably less than 64, the number of possible
discrete TIROS picture data brightness values, and hence the multi-
level picture remains an abstraction from the original: but an abstraction
which hopefully can éxtract more of its inherent pattern structure with a
minimum of increase in complexity of method and interpretation of
results. Experiinenfal results presented in Part V provide indications
for selection of an '"optimal' value of N.

These considerations constitute the basis for implementing
the program described in this section, which is designated SB-3 to
indicate its relationship to its progenitor, SB-2. SB-3is completely
analogous to SB-2; in other words it operates in exactly the same manner

except in those instances where changes are necessitated by the extension




to more than two brightness levels. For example, one brightness
threshold will no longer suffice; N-1 are now required. The concept
of adjacent element "contrast' must be extended to take into account
varying differences between brightness levels. Other such examples
will become apparent in what follows-:

The progenitor SB-2 program applies the BRAND-2 technique
of extracting localized information from ''broken'' areas as delineated
by SORD-2. This part of the report describes the modifications made
in the SB-2 program required to extend it to several levels of bright-
ness, and discusses the special features of the resulting SB-3 program
for automatically selecting brightness ranges of significance and
interest. In comparison with program SB-2, program SB-3 is expected
to yield more definitive shapes of solid and broken regions and a more
significant broken region analysis which considers the degree of
contrast between elements.

The SB-3 program, written for the IBM 7090/94 computer,
consists of two parts. The first part is SORD-2 program (Reference
1.1-1IV) modified as follows: The picture is divided into N ranges of
brightness whose end points are defined by user-selected or computer-
determined thresholds (ref. Sec. 4.5). The SORD analysis is then

performed defining as ''solid" those regions in which at least the specified



number of elements within the scanning square have brightness values
lying within the same range of brightness. Each range defines one of
the N brightness levels of the picture. Regions not classified as
""solid"' at any level are classified ""broken."

The BRAND analysis of the broken regions then follows as
for SB-2, except that a '"contrast' between the brightness values of
adjacent elements is assigned a value proportional to the absolute value
of the difference in levels. These values are summed over the scanning

square. The degree of brokenness is then defined as the ratio of this

sum to the expected value of the sum for a random picture of N bright-
ness levels (Sec. 4.4). The number 0 overprints an element whose
degree of brokenness is less than 0. 1; the number 1 overprints the
element whose ratio is from 0.1 to less than 0.2; etc., and the number
9 overprints all elements whose ratio is 0.9 or greater.

SB-3 produces a picture printout similar to SB-2 except that
solid regions and elements are displayed at N levels instead of 2. A
brokenness value frequency distribution is also produced. In addition,
the output consists of (1) a frequency table of the brightness distribution
of the elements of the original picture with the corresponding brightness
level and region symbols assigned to each value, (2) a list containing

values of N, the mean element brightness, and the median element




brightness over the picture, and (3) the parameters used when the
brightness ranges are assigned by the program (Sec. 4. 5).

Printouts of the annotated picture and of the brightness
frequency table are selectively optional. The user may also bypass
the SORD and BRAND processing and print out the picture with element
level values only. A more detailed explanation of the program and its

use follows.

4.2 InEut

The data input for the program consists of a digital repre-
sentation of the picture in exactly the same format as for SB-2. The
picture is read from magnetic tape into memory. The element
brightness values range from 0 through 63 and are stored as six
six-bit elements per word. Some processing may be done on input
depending on the option selected (Sec. 4.3, 4. 5). The maximum picture
size is 8000 words.

Any number of pictures may be processed in a single run.

Pictures and options are selected by means of the operating parameters.

4.3 Operating Parameters

One set of picture parameters, which define its location on




magnetic tape, is required for each picture of a given set to be processed.

The program will process each picture until sensing a signal that the end

of the set of picture parameters is reached. The program parameters,

which define the processing for each picture, are constant for all
pictures processed in a run.

All parameters must be supplied to a driver program in the

proper order and format. A symbolic listing of the driver program is
included in Figure 4-4.
The SB-3 operating parameters are listed below, with a more

detailed explanation following where necessary.

Picture Parameters

Allowable Range

Parameter Definition Min. Max.
Ll - First line of tape picture 1 Tape limit
L2 Last line of tape picture 1 Tape limit*
Wl First word of picture line 1 50%%
w2 Last word of picture line 1 W 1419%:%

* Total number of words, (W, -W, +1)x(12 -L,+1), must be less
2 1 1
than 8, 000.

*% May not exceed the number of words per line (WR below).
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Program Parameters

Allowable Range

Parameter Definition Min. Max.
N Number of levels of brightness 1 32
T Birst of N-1 thresholdswhich will 1 63

‘divide the levels. If these are not
assigned, thresholds will be
computed (Sec. 4.5)

S Scanning square side length (in 1 30
elements) for SORD processing

S2 Scanning square side length (in 1 30
elements) for BRAND processing

WR Words per line of tape picture v 1 50

SIGMA Percent of brightness range times 0 1000
tencover which thresholds will be
spaced if thresholds are to be
computed. If this is not assigned,
a value will be computed (Sec. 4.5)

Bl,...; BN Minimum number of non-conforming 1 S
elements that will prevent a ''solid
region' classification for region i,
i=1, ..., N.

SYME The first, and darkest, of N symbols
for element level printout

SYMR The first, and darkest, of N symbols
for solid region overprint

SWl1 Frequency table printout switch: *
On - frequency table printout

Off - no frequency table printout

*See note next page.



Allowable Range
Parameter Definition Min. Max.

SW2 - Picture printout switch: #
On - picture printout
Off - no picture printout
SW3 SORD-BRAND bypass switch: %
On - only element printout
Off - full processing
% Insertion of a non-zero card will turn on these switches. If no
card is inserted, the terminating zero card turns the switch off
(See driver program listing, Figure 4 -4).

A threshold is the least upper bound of the corresponding
brightness level. All elements having a brightness value below the
first threshold are assigned to level 1. All equal to it are assigned
at the next level, level 2. Those greater are compared with the next
threshold and assigned similarly. Those equal to or exceeding the
last, the (N-1)st, threshold are assigned to level N. If the thresholds
are not assigned by the user, the program senses a zero terminating
card and automatically computes thresholds, as described in Section
4.5. SIGMA is used in the case where the computer determines the
thresholds; it specifies the percent of data to be included in the range
of brightness over which the program is to space the thresholds. This

value also will be computed if not assigned {Section 4. 5).

The definition of solid regions, which can be different for each

level, is supplied by parameters Bl through BN. If two or more levels




are assignable by this definition, ! the darkest level which satisfies
the definition is selected for the given region.

Picture parameters and scanning square size are defined

the same as for SB-2 (see Section 2. 5).

4.4 Sample Output

A sample picture annotated by SB-3 is presented in Figure 4-1.
As in SB-2, a brokenness frequency table of the results of the BRAND
analysis (not shown here) follows the picture output.

The brightness frequency distribution table containing the key
to the symbols used in the annotated picture as produced by the program
appears in Figure 4-2. This table contains the frequency distribution of
the brightness values of the elements of the actual picture, the element
symbol for the level to which elements at the respective brightness
value are assigned, and the overprint symbol for elements which lie in
regions defined as ''solid" at that level. Below the table is a list showing
the number of levels of brightness into Which the picture is divided, the
mean brightness of the picture, and the median brightness of the elements
of the picture. If the user has selected the option which computes the

thresholds which divide the levels, the upper and lower cutoffs and the

1. This is possible only if B\l is greater than SZ‘/Z, unlikely
in a typical application.
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Figure 4-1

Sample Picture Annotated by SB-3 Program
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Figure 4-2

SB-3 Brightness Frequency Distribution Output
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. FREQUENCY TABLE

BRIGHTNESS FREWQWUENCY ELEMENT SYMBUL REGION SYMBOL

0 1C0 $ W
1 €0 $ W
2 19 $ W
3 48 $ W
4 28 % W
5 % $ W
6 il $ W
7 5 $ W
8 6 $ W
9 8 $ W
10 12 $ W
11 24 $ W
12 129 5 W
13 268 $ W
14 315 $ W
15 255 % n
16 1858 $ 7
17 2820 $ W
18 3156 $ W
19 22138 $ W

20 1570 / Y

21 1249 / v

22 Be9 / v

23 7¢0 / ')

24 619 / v

25 616 / v

26 5g2 / v

27 531 - !

28 553 - !

29 5591 - '

30 Ev - !
31 336 - !

32 858 - '

33 3¢4h - '

34 9¢6

35 ¢33

36 T

37 156

38 Je¢2

39 319

40 2¢4

41 111

42 35

43 ¢C

44 L7

45 3

46 3

47 4

48 3

49 2

50 ]

51 U

5¢ W

53 ]

54 J

55 U

Figure 4-2/Page 1



56
57
58
59
60
61
62
63

NUMBER OF LEVELS (N)
MEAN BRIGHTNESS . .
MEDIAN BRIGHTNESS .
LCWER CUT-0FF . «
UPPER CUT-0OFF + o o

SIGMA L] * L 3 - L * -

(=N oNoNoRoNoNoNol

23

21

13

39

950

Figure 4-2/Page 2



SIGMA value (Sec. 4.5) are also listed.

The picture chosen for illustration is P4 of Figure 3-1. The
annotation is for four levels of brightness with the thresholds computed
by the program. The symbols were c}}osen to obtain the best optical
correspondence with the relative brightness of the elements of the
actual picture. The element symbols are ($), (), (<), and (),
representing the darkest through lightest levels respectively (the last
symbol %epresenting a ""blank'). The overprint symbols defining the
"solid" regions to which these elements are assigned are (W), (V),

(), and ( ). Elements within solid regions are represented by (W), (¥), (=),
and ( ); thét is, (W) over ($) for ''solid black,' (V) over (./) for "solid

dark gray," (') over (-) for 'solid light gray, " and () over ( ) for solid
white.

Within solid regions the possible combinations of element:

symbols and their meanings are as follows:

Element Solid Region
Symbol Components Classification Classification
w W over $ Black Black
W W over / Dark Gray Black
w W over - Light Gray Black
w W over blank White Black
4 V over $ Black Dark Gray
L4 V over / Dark Gray Dark Gray
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Element Solid Regi on

Symbol Components Classification Classification
v V over - Light Gray Dark Gray
A% V over blank White Dark Gray
$ " over $ Black Light Gray
y ' over / Dark Gray Light Gray
L ' over - Light Gray Light Gray
! ' over blank White Light Gray
$ blank over $ Black White
/ blank over / Dark Gray White
- blank over - Light Gray White
blank blank over blark White White

Element symbols overprinted with a decimal digi‘; lie within a
broken region. The symbol represents the level value of the element
and the number signifies its brokenness value.

Figure 4-2 indicates that the mean brightness of this picture
was 23 and the median brightness was 21. The SIGMA value of 950
indicates that 95% of the elements have brightnesses which lie between
the lower cutoff at 13 and the upper cutoff at 39.

The elements of very low brightness of 0 to 6 in the frequency
table (see Figure 4-2) are border elements and not part of the picture.
They lie below the lower cutoff and do not affect the assignment of the

thresholds.




4.5 Logical Description

The general processing technique of SB-3 follows that of SB-2.’
(The logical description of SB-2 appears in Section 2.5.) However,
where six bits were adequate in SB-2 to store all the information for
each element, SB-3 requires twelve. This information is stored in two
tables in memory designated PICT and PICT2. The bit configuration of

the information for each element in each table is as follows:

PICT OXXXXX

PICT2  YOzZzZzZ

Field X contains the element level value with range 0 to 31. Field Y
contains a bit designating whether the element is located in a broken or
solid region ({0=solid, l=broken). Field Z contains the brokenness
value with range 0 to 9. The two tables have the same structure;
successive six-bit groups are stored consecutively by picture row,
packed six to a computer word.

The element brightness values, O through 63, are read in
from the input data tape one line at a time. The program then checks
to see if the user has assigned the thresholds, or whether they are to
be computed. In the former event the program checks Switch 1 to

determine if a printout of the frequency distribution of the brightness
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values is required. If this switch is off, no printout is required; the
picture is read in from the tape and checked against these thresholds
immediately. Each element is assigned the level value corresponding
to the lowest threshold greater than its brightness value, which is
stored in computer memory (table PICT, Field X).

If on the other hand the thresholds are not assigned by the
user, or if a frequency table printout is required, the entire picture
is read unaltered into memory as a frequency count of brightness
values is made. Next, if the thresholds were not specified by the
user, they are computed.

The element brightness values are checked against the
computed thresholds and the level values substituted in memory for
the brightness values.

In computing thresholds the program uses the following tech-
nique: N-1 thresholds are spaced evenly over the range of the frequency
distribution which contains a predetermined percentage of element
brightness values. This percentage can be assigned by the user by
setting SIGMA equal to 10 times the desired percent. If not assigned,

this will be computed as:

SIGMA = 1000 - (200/N)

where N is the number of levels.




SIGMA is then sitbtracted from 1000, divided by 1000 and
multiplied by the total number of elements in the picture. The result
of this computation is the number of elements that the progré.m, in
spacing thresholds, ''cuts off," half at each end of the brightness
frequency distribution. Tﬁe threshold values are then spac-ed evenly
over the range between these “‘cuto‘ffs. "

SORD is now performed, delineating the solid and broken
regions according to the criteria defined in Section 4. 3.

BRAND analysis follows as in SB-2 with the following exceptions.
The degree of brokenness is redefined as follows: The number of
adjacencies (A) is still the total number of bordering broken elements
adjacent to each element within the scanning square. However, a
contrast has the value of the magnitude of the difference in brightness
levels of bordering broken elements. The sum of these values is the

contrast count C. The brokenness value is now defined as:
"10C/KA

where K is the expected value of (—%—) for a random picture of N levels
of brightness. Assuming a uniform distribution of brightness levels
for the random picture, it can be shown that the expected value of K

is:



N 1

3 3N

C rarely exceeds this value in an ordered picture but when it does the
brokenness value is defined as 9.

The method of recognizing isolated points and reassigning them
to solid regions was also changed in SB-3. An isolated point, as in
SB-2, is defined as any broken region point which does not have at least
two broken elements adjacent to it at right angles (with respect to the
element being tested) to each other. This test is made by checking the
two opposite horizontal elements for brokenness. If they are both
solid the test fails; the element is isolated. If either is broken the séme
check is made on the opposite vertical elements. If either of these is
broken, the element is non-isolated.

If a point is isolated, further tests are then made to determine
the solid region to which it should most logically be assigned. Details
of this process are contained in the flow chart, Figure 4-3.

The logical flow chart for SB-3 is presented in Figure 4-3
and the IBM 7094 symbolic program listing, which includes the ''driver"
program with the parameters used for the sample run illustrated above in

Section 4. 3, is presented in Figure 4-4,
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Figure 4-3

SB-3 Flow Chart
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INPUT TAPE: PICTURE TAPE

(D

PARAMETERS
INPUT PARAMETERS L1 FIRST LINE OF TAPE~-PICTURE
L2 LAST LINE OF TAPE=-PICTURE
w1 FIRST WORD OF PICTURE-LINE
we LAST WORD OF PICTURE=-L INE
WR WORDS PER L INE OF TAPE-PICTURE
N NUMBER OF LEVELS OF BRIGHTNESS
FIRST PICTURE SET INL 70 A {Ti} seT OfF N-1 THRESHOLDS
S SORD SCANNING SQUARE SIZE

S2 BRAND SCANNING SQUARE SIZE
S IGMA PCT DATA X10 WANTED IN RANGE OF
THRESHOLDS

{Bi} SeET OF N NON-CONFORMING ELEMENTS
REQU IRED FOR BROKEN REGIONS
{SYMEi} SeT oF N syMBOLS FOR ELEMENT LEVEL
PRINTOUT
{SYNRi } SET oF N SYMBOLS FOR REGION LEVEL
OVERPRINT
IMAX = NoO. OF SwW1 SWITCH 1 ON FOR FREQUENCY TABLE
L INES TO INITIALIZE PROGRAM PR INTOUT
P ICTURE IMAX = L2-L1+1 Swe SWITCH 2 ON FOR PICTURE PRINTOUT
W = NO. OF W= Wz-WiH SW3  SwiTCH 3 ON FOR NO REGION OVERPRINT.
WORDS PER
L INE ‘#
ANY PARAMETER WR > 50, N
TO LARGE? S>30, S2>30, W»20

W x  IMAX > 0000

RROR

(D=

DUMP PARAMETERS,

INPUT NEW PICTURE
PARAMETERS

ANY MORE
PICTURES?

] i
<
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SET COUNTERS

-

INPUT

JMAX = 6W

CLEAR MEMORY

SET ALL ELEMENTS TO
BROKEN

©r

KZ

= 6(W1-1) + 1
=1

Sa

ADVANCE TAPE TO FIRST LINE

OF PICTURE

(O

JMAX

KZ

&3

ARE THRESHOLDS
ASSIGNED?

IS FREQUENCY TABLE

PRINTOUT WANTED

FIRST PICTURE

IN 40

SeT |N§ 70 B

Y

SET THRESHOLDS
AS ASSIGNED

NEXT PICTURE

WITH FREQUENCY
@ TABLE

C

NO. OF ELEMENTS PER
LINE OF PICTURE

NO. OF FIRST ELEMENT
OF PICTURE-LINE
MEMORY P ICTURE L INE
COUNTER

NEXT PICTURE WITHOUT

@ FREQUENCY TABLE

DATAT

Set INL 1o C
SeET IN4 10 B

Set IN 44 10 B

&

= DATA FILE FOR

THRESHOLD VALUES

FIGURE L4-3/Page 2



DATAS = DATA FILE FOR S{IGMA
VALUE

SET INLY 10 A

SET SIGMA AT

IS SIGMA ASSIGNED? ASS IGNED VALUE poaf

200 )

COMPUTE SIGMA siGMA = ( 1000 - <

SET IN 46 10 A
READ PICTURE FROM TAPE

INTO MEMORY, MAKE FREQUENCY COUNT,
COMPUTE MEAN & MED IAN

THRESHOLDS MUST THRESHOLDS ARE

@ BE COMPUTED @ ASSIGNED

COMPUTE UPPER

AND LOWER .
ALPHA = MAXIMUM | SUCH THAT
CUT-OFFS, ALPHAL BRITy + + BRIT; 1S NOT GREATER BRIT
AND OMEGA 0 T e i ; = NUMBER OF
THAN S 1GMA ELEMENTS WITH
500 - 2 BRIGHTNESS OF i

OMEGA = MINIMUM | SUCH THAT
T: e
BRITj + ... +BRITg,

IS NOT GREATER THAN

500 + S |§MA
DELTA = INTEGER (OMEGA - ALPHA + 1) DELTA = THRESHOLD SPAC ING
N
SAVE REMA INDER
To = ALPHA ; i=
To = LOWER CUT=-OFF
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SET THRESHOLDS Ti = Ti

DISTRIBUTE REMAINDER
AMONG LOWER THRESHOLDS.

v IF PICTURE ALREADY B IF PICTURE NOT
IN MEMORY YET IN MEMORY
CHECK ELEMENTS
AGA INST
THRESHOLDS, ~
ASS IGN @ INER
LEVEL
VALUES.
TAKE AN ELEMENT FROM READ LINE FROM TAPE TAKE AN

MEMORY ELEMENT FROM L INE

Y P

ELEMENT = | - 1

ELEMENT = §

it
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\9,

¢V

LAST LINE
OF PICTURE

NEXT LINE
FIRST ELEMENT

CAST ELEMENT N
OF LINE NEXT ELEMENT
p -

(O

boast = luax S+l air? JLA,T COORD INATES OF UPPER LEFT
) 2
CORNER OF SCANNING SQUARE IN
J =J - S+l LAST POSITION (LOWER RIGHT

LAST  ~MAX
CORNER OF P ICTURE)

AREA SUBDIVISION

-

0
—

FirsT LiNE

-Cr

[
"
-—

FirsT ELeMENT OF LINE

rCr

-
n
—

sw4=2: [IHCT(I+ Al, J + AJ) PICT (1+Al, J + AJ)=i]

ForR Al 1,000, S-1
AJ =1,..., S-1

FIGURE 4-3/Page §



IF THIS REGION FAILS
SOLID TEST

LAST ELEMENT OF LINE?
- NEX

LAST LINE OF PICTURE?

LEFT MOST BIT REMAINS UNCHANGED

v

¥

FPICT (1+ A1, J+ AJ)
= 1, SET EQUAL TO M
Al,Ad = 0,1,...,5-1

BIT

IN CORRESPOND ING ELEMENT OF PICT2,
SET HIGH ORDER BIT TO ZERO INDICATING
SOLID. STORE LEVEL VALUE IN 5 LOWER

ORDER BITS.

J=J+1 —
Y  / T ELEMENT
N
I=1+1 —
NEXT L INE

FURTHER SUBDIVISION OF BROKEN REGIONS
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SET ROW AND COLUMN n I o
INDEX FLAGS FOR JLAST = J“Ax - 5
SCANN ING SQUARE AST = ";x -5
OVER WHOLE PICTURE. I =
PLACE SCANNING SQUARE
AT TOP OF PICTURE
N3] N3 = EXPECTED VALUE OF
COMPUTE EXPECTED VALUE OF 3 N BROKENNESS PCT FOR
BROKENNESS PCT FOR RANDOM RANDOM P ICTURE
P1CTURE
Set BR3 10 A
Set BRB to A, | =2
PLACE SQUARE AT LEFT BORDER OF
P ICTURE
SET ROW AND COLUMN INDEX
FLAGS FOR CURRENT SQUARE
Setr BR6 10 A
LAST SQUARE
v POS1TION
To N ANY BROKEN ELEMENTS IN
BRI FIRST ROW OF SQUARE To ANY BROKEN N
BRY ELEMENTS IN SQUARY

Y
NEXT SQUARE Y To
POSITION To OuTPuT
BRS

v Y

ANY BROKEN ELEMENTS To
(:IN FIRST COL OF 3Q BR 9 To
— BR 5
Y
To
BRS

FIGURE 4-3/Page 7




A

C

ASSIGN ANY "ISOLATED" * BROKEN ELEMENTS (noT
PREV IOUSLY ASSIGNED A VALUE) WITHIN THE S2 x S2
SQUARE TO A NE IGHBORING SOLID REGION. FOR REMAINING

BROKEN ELEMENTS, COUNT?

NO. OF HOR1ZONTAL AND VERTICAL ADJACENCIES

SUM OF MAGNITUDES OF CONTRASTS WITH HOR1ZONTAL AND
VERT ICAL ADJACENCIES

*|SOLATED POINTS ARE THOSE BORDERING
SOLID ELEMENTS ON TWO OPPOSITE SIDES

OR MORE.

IS THERE AT LEAST ONE NON-

ISOLATED POINT NOT PREVIOUSLY
ASSIGNED A VALUE

{s THERE
AT LEAST ONE ISOLATED
PO INT

Y

BR 6

To

SeT
BR6 1o B

BR T

RecycLE ONCE TO
rRE-RuN BR3 anp

BRY TESTS AND

REMOVE ALL REMAINING
1 SOLATED POINTS.
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COMPUTE P

INTEGER [ 10 (—T:A— ) ]

V=P +1

vl
]

% oF BROKENNESS
0,1,..., OR 9

"

BR8E

WiTHIN S2 X S2 SQUARE, FOR EACH BROKEN ELEMENT

VALUE LESS THAN V, suBsTITUTE V.

"1sOLATED POINT"
RouT INE

pod
nu

I, J = COORDINATES OF UPPER-
LEFT CORNER OF SCANNING
SQUARE

11, J1 = COORDINATES OF CURRENT
ELEMENT OF SCANNING SQUARE.

1s pict (11,J1) a N 0
BROKEN ELEMENT BRSR
HAS IT PREVIOUSLY BEEN T
N 0
ASSIGNED A VALUE BRSCA
jY
COUNT NUMBER OF ADJACENC IES AND SUM

MAGN ITUDES OF CONTRASTS BETweEN PICT (11,J1) ano

NE IGHBOR ING BROKEN ELEMENTS (IF ANY) ABOVE AND TO LEFT,
AND ADD counTeErRS A anD C.

To BRS R FIGURE 4-3/Page 9




ISOLATED PO INT ROUTINE

TAKE NE IGHBOR-
ING ELEMENTS
ARE THERE TwO BROKEN

NE IGHBOR ING ELEMENTS
ADJACENT AT 90 DEGREES?

N

ISOLATED POINT ISWCH = 1

ARE POSIT
SOLIDS THE SAME
COLOR?

=)

VSWCH= 1

To
BRSCA

TO THAT
COLOR

SET ELEMENT

ANY BRURGCN N To
uno!
" IPR9
NE IGHBOR ING ELEMENTS)

Y

ARE THERE TwO

OPPOSITE NEIGHBORING
BROKEN ELEMENTS?

(D

ARE THERE ANY SOLID ELEMENTS
AT 90 DEGREES APART OF THE S
REGIONT

%),_
pe
wn =

IS ELEMENT THE SAME COLOR
AS ANY NE IGHBORING REGION?

Y To
AME IPR 8

Pick

THAT COLOR

To
BRSR

IPR1A

S5ET

?:.—

IT TO THE COLOR OF

ANY NEIGHBORING REGION
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AT LEAST ONE NON-
ISOLATED POINT NOT
PREVIOUSLY ASSIGNED
A VALUE?

WAS THERE AT LEAST
ISOLATED POINT?

_‘

ARE THERE ANY

SOLID ELEMENTS OF THE

SAME SOL ID REGION AT
90 DEGREES APARTs

O

ARE THE OTHER
TWO SOLID ELEMENTS OF
THE SAME REGION?

N

PP 8
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MOVE SQUARE ONE
COLUMN TO RIGHT
(= +1)

SQUARE AT OR

PAST END OF L INE BR 2
£QUARE PAST To
END OF L INE BR9B
QUARE AT / To
BOTTOM OF seT BR3 10 C BR2
P ICTURE

To
setT BRY 10 B — BR2

BR9B

MOVE SQUARE ONE

LINE DOWN
(=1 +1

I

SQUARE AT OR To
PAST BOTTOM OF N BRST5
P ICTURE

Y

SQUARE PAST Y
BOTTOM OF PICTURE

I

seT BR 3 70 B

To
BR 1
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KIP TO NEW_PRINT PA
| =2

[TOUTPUT ACTUAL ELEMENTS OF LINE 1
SELECT CHARACTERS ASSIGNED TO
CORRESPOND ING VALUES IN PICT

ADVANCE PRINTER 1 LINE

NEXT L INE Il =1 +1

OUTPUT BROKENNESS FREQUENCY
TABLE

OUTPUT BRIGHTNESS FREQUENCY
TABLE

INPUT NEW PICTURE PARAMETERS

ANY MORE P ICTURES? m Y
N
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OUTPUT OVERPRINT MARKS FOR ELEMENTS OF LINE |
SOLID REGION ELEMENTS AS CHARACTER CORRESPOND-

ING TO VALUE oF PICT2 (1,J)
NON-SOL ID REGION ELEMENTS AS VALUE OF P*

ELEMENTS 1 AND JMAX AS "BLANK" COUNT FREQUENC IES

OF NON-SOLID REGION ELEMENTS

¥ P = V-
WwHERE V = DecimaL VaLue

1

(Low oRDER 4 B1T5 OF ELEMENT)
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Figure 4-4

SB-3 Symbolic Program Listing
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S DRIVFR —= RRAND 3

TRA REGIN
* IMNSERT DATA IM THE FOLLOWING ORDER - -
* HERE - - N EQU #%% (VALUE OF N)
N QU 4 ) - ’
DATA FQU *
#  MHERE ~ = S, S2s WRy FCLLOWED BY L1l L2y Wly W2 FOR EACH PICTURE
NEC 5 S
DEC 3 S2
DEC 29 WR
DEC 774 £l - PICTURE 1 T T s
DEC 1013 L2
DEC 1 W1
‘DEC 20 W2
hle 774 L1 PICTURE 2
DEC 10132 L2
DEC 20 14
DEC 39 W2
DEC 0 TERMINATIMG ZEROs END OF PICTURE PARAMETER FILE
M1 FEQU *
* CRE = = Bls D2 o o o 9 BN
DEC 3 R1
DEC 3 B2
DEC 3 R3
DEC 3 R4
NSYME  EQU *
* HERE -~ — ELEMENT SYMBOLSs DARKEST THRU LIGHTESTss IMCLUDING SLANK
RCI 149
BCI 1s/
RCI ly=-
2C1 1y
MSYHR  EQU *
% HERE = — OVERPRINT SYMBOLS- - FORMAT= = 3CI 1%
nCI IR
~ClI 1V ' o T
8C1I 1s¢
RCI 1,
MDATAT FQU *
3* HERF - — THRESHOLD VALUES If ASSIGNED BY USER
DEC 0 TERMINATING ZEROs THRESHOLDS NORMALLY COMPUTED
NDATAS EQU 3* ' ) ' o T e
* HERE - = SIGMA VALUE IF ASSIGNED BY USER
DEC 0 SIGMA NORMALLY COMPUTED
NSW1 EQU 3
* IF FREQUENCY TABLE PRINTOUT IS WANTEDs PUT NON=ZERO CARD HERE
DEC 1 SWITCH ON
DEC 0 CUTTEHITECH NORMALLY TOFF T T T T ammmommm o e e
MSW2 FQU 3*
* 1F PICTURE PRINTOUT 1S WANTEDs PUT NON-ZERO CARD HERE - N
DEC 1 SWITCH ON
DEC 2 SWITCH NORMALLY OFF
NSW3 FEQU *
* IF ONLY ELEMENT PRINTOUT 15 WANTED» PUT NOUN~ZERU CARD HERE
DEC 0 SWITCH NORMALLY OFF
REGIN AXT 751 o
CLA DATA+7s1
STO S+Ts1
TIX ¥=29191
AXT N T
CLA NB1+Nsl
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ouT

SW3
Sw2
Syl
DATAS
N2
DATATN
DATAT
SYMRN
SYMR
SYMEN
SYMF
aN

n1

v

W1

L2

L1

[}
(N

S2

S
SUMN
S Ll M

TN

STO
TIX
AXT
CLA
STO
TIX
AXT
SXA
CLA
STO
CLA
STO
CLA
STO
CLA
STO
AXT
CLA
STO
CLA
STO
TIX
CALL
AXT
CLA
TXI
STO
TIX
NZT
TRA
CALL
CAL
CALL
CALL
COMMON
COMMON
CO“MON
COMMON
COMMON
COMMON
COMMON
COMMON
CONMMON
COMMON
COMMON
COMMON
COMMOM
COMMON
COMMOM
COMMOM
covmaom
COMMOM
COMMON
COVMON
CCHMnN
COMMNAN
coMMOM
END

Bl1+N»s1l
*=2491y1
N=fyI—— "~
NDATAT+N=1,s1
DATATHN=191"
#=291s1

Nsl

N2s1

"NDATAS T

DATAS
NSW1

SW1

NSW2

SW2

NSW3 -

Sw3

Nol
NSYME+Ns 1
SYME+Ns 1
NSYMR+Nsy 1
SYMR+Ns1 -
#alfglyl
R3DRV

4yl
DATA+3,2
*#4+1929-1
LI+4»1
#=Bolyl
L1

ouT

NEXTP
=9B817
(RWTY
EXIT

NN

N

W F LD S S e e b b ) R ) LD ) s s
(N} N

N
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BRRAND = 3

LBL SB3s2
ENTRY R3DRV
ENTRY NEXTP
* REQUIRED SUBROUTINES
* AASIC FCRTRAN I/0 PKG
EXTERN PUT2
EXTERN TAKEZ2
MACRO INSTRUCTIONS
* MACROS USED=-LGQULsTEGLsADST» TAKE
* PUTM e THQLs 2TESTsChVITsBRTOSL33ETs5ETV
TEQL MACRO XsYsOUT TEST (X) NOT EQlY)
CLA X
SUB Y
TZE ouT
TEQL END
TNQL MACRO XY OUT
CLA X
SuUB Y
TNZ ouUT
TNGL END
EQUL MACRO Y9 X
CLA X
STO Y
EQUL END
ADST MACRO ZyXsY
CLA X
ADD Y
STO Z
ADST END
TAKEM MACRO AZERO»CsIsJ
TSX TAKEZ s 4
. RPZE - AZEROs 2
PZE C
PZE I
PZE J
TAKEM  END
PUTM MACRO AZEROsCs1IsJ
TSX .. PUT2s4
PZE AZERO»s 2
PZE C
PZE I
PZE J
PUTM END
BTEST  MACRQ __DELIsDELJNOUT. BOUNDARY TEST
ADST IDELIsIsDELI
ADST JDELJsJsDELJ
TAKEM PICTsJMAXsIDELISJDELJ
ANA = MARKER BITS
SUB =
TZE QuUT IF A BOUNDARY POINT
BTEST END
* :
SETV MACRO AsV SET VARTABLE CONNECTOR
CLA \
STA A
SEIV END —
¥*
SBST MACRO ZaXsY SUBTRACT AND STORE
CLA X :
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_SBST
*

B3DRV

DRV1

DRV?2

NEXTP

*
SABOP2

SuB
STO

END

SETV
SXA
LDQ
MPY
STQ
CLA
STO
TSX
ADST
LAC
LXA
TRA
CLA
CAS
TRA
TRA
TRA
CAL
CALL
TRA

CLA
ALS
STD
LDQ
MPY
STQ
SXA
CLA
SUB
ADD
STO
CLA
SUR
ADD
STO
SUR
TPL
CLA
syn
TRPL
LoQ
MPY
STQ
TIX
CLA
ANA
SUB
TMI
CLA
SUB
TPL
CLA
sup
Tidl

BEGIN PROGRAM
IN&G» V4O
SAVE 4

S

S

s$5Q

=1

L
SABOP2+4
SAVE2sSAVE2s=4
SAVE2,2
SAVE 4
14

L

L1

REW

DRV 2
DRV2
=9R17
(RWT)
DRV1

WR

18
LIOC
WR

=26

ER
SAVE4»4
L2

L1

=1
IMAX
‘.v. J 2

Vv 1

=1

vl

=21
ERROR
WR
=51
ZRROR
IMAX
v
FLEM
PICT2-PICT 0,40
Yem ]
=Q77777
ELEM
ERROR
S

=31
ERROR
S2
=31
IN1

SET CONSTANTSHETCe

TEST PARAMETERS

IF PICTURE TOO WIDE

IF INPUT BUFFER TOO LONG

IF SORD SQ SIZE TOO LARGE

IF ORAMND SQ SIZE NOT TOO LARGE
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ERRCR  CALL PDUIP 95944293 FRRCR DUMP OF PARAMETERS
L XA SAVEL4 s 4
TRA 1s4
IN1 LDQ W
MPY =6
STQ JMAX
AXT PICT2=-PICTsl STCRE ZEROS IN PICT
STZ PICT2s1
TIX He=lelsl
AXT PICT2~PICTs1l STCORE OMNES IN 6TH BIT OF PICTZ2
CLA 2040440404040 '
STO 2¥PICT2=PICTs1
TIX Gemlalsl
AXT 2-91
CLA =0606060656060
STO OTRUF+20,1 SET CQUTPUT BUFFER TO BLANKS
TIX %=1sls1l
INZ2 CLA W COMPUTE FIRST=ELEMENT NR OF INBUF
SUD =1
XCA
“MPY =6
XCA
ADD =1
STO KZ
EQUL ITe=1
IN3 TEQL LeLlsING
ADST Lels=1
CALL RDSBIN
TIX 09099
X LIOCs1s0C
TIX G9lsl
TRA IN3 e
LIOC I0RT INBUF 9 g%k
IN4 TRA IN4OC
IN4GC SETV INGsV43 FIRST PICTURE
NZT DATAT ARE THRESHOLDS ASSIGNED
TRA ING1 IF NO
L XA N2yl ) o
TXI #4lels-1
AXT 52
CLA DATAT+2
STO TN+1s1
TXI ¥+1929-1
CTIX . %=351s1 . . U .
CLA SW1 IS FREQUENCY TABLE PRINTOUT WANTED
TZE *+4 ‘ .
SETV IN&G4 sV46E IF YES
TRA IN43
SETV IN46V4LEB
SETV IN4sV4E I
TRA IN46
IN41 SETV ING& s VLGA COMPUTE THRESHOLDS
NZT DATAS IS SIGMA ASSIGNED
TRA IN42 IF NO
CLA CATAS IF YESs READ SIGMA
- SIO SIGMA o e
TRA ING3
IN42 LDQ =200 COMPUTE SIGMA
CLA =0
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. bvP N2
XCA
suB =1000 o
SSP
STO SIGMA e
IN43 SETV ING6IVLEA PREPARE TO READ PICTURE
AXT  64sl |
----- STZ BRIT+64s1 CLEAR FREQUENCY TABLE
TIX Heelelsl
XX1 TIX INBUFs0sPICT
CLA XX1
ADD W2
STA IN43B
ARS 18
ADD W o 5 L
STA IN43B+1
IN43A LXA Wel
IN43B LDQ INBUF 1
STQ PICTs1
AXT 692
IN43C LGL 6
ANA =077
PAC Doy
CLA BRITs4
ADD =]
STO BRITs4
TIX  IN43Cs2s1
TIX IN43Bsls]
CAL IN43B+1
ADD W
STA ING3B+1
TEQL LelL29IN&3D
___ADST _ Lsls=1 .
CALL RDSPAIN
TIX Dy 99
TIX LIOCs1s0
TIX 09150
TRA IN43A
~IN43D CLA BRIT TOTAL ELEMENTS
AXT 63,1
ADD BRIT+64s1
TIX *m=19lsl
STO TOTALZ2
ARS 1 MEDIAN BRIGHTNESS
_AXT . 64s]1
SUR PRIT+641
T™MI *4+2
TIX #=29191
PCA D91
ADD =64
STA_..  BRITYD
AXT 63,1 MEAN BRIGHTNESS
STZ PRI TMU
CLA =1
IN43E STO FELEM
LDQ RRIT+641
MPY ELEM
XCA
ADD PRITMU
STO ARITMU

Figure 4-4/Page 6




CCHPUTE LOWER CUT=OFF

COMPUTE UPPER CUT=OFF

CCMPUTE THRESHOLD INTERVALS

DIVIRE BY N

COMPUTE THRESHOLDS

ADD DELTA T

" "DISTRIBUTE REMAINDER AMONG LOWER INTERVALS

IF PICTURE ALREADY IN MEMORY

CLA ELEM
ADD =1
TIX IN4G3Es1s1
CLA =0
oQ BRI TMU
pVvP TOTALZ
5TQ NRITMU
IN44 TRA INGGA
IN4sAn  CLN =1000
sun SIGMA
XCA
MRy TOTALZ
NDyP =20°0
5TQ ELEM
XCA
AXT 6491
SUR BRIT+64s1
MT ¥4 2
TIX =291l
PCA Tyl
ADD’ =64
STA ALPHA
CLA ELEH
AXC 6351
SUB BRIT»1
TMI %2
TXI ¥=291s1
PCA D9l
STO OMEGA
ADD =]
SUB ALPHA
XCA
CLA. . =0
DVP N2
STQ ELEM (PELTA T)
ADD =1
PAX 092 REMAINDER
CLA ALPHA
LXA N2s1
TXI #4+]1919=1
IN4sS ADD ELEM
TIX IN4SAs2y1
_ STO ~ TN+1,1
TIX INGS5s1s1l
- TRA IN46
IN45A  ADD =1
.. JRA __ ¥=4
IN46 TRA IN4GEA
IN46A SETV ~ IN46CsV46D
EQUL Te=1
CLA XX1
ARS 18
AAA ADD. W
STA IN46AB
AAAA STA IN4GAD
IN4G6AA LXA Wel
. IN46AB LDQ INBUF 1
AXT 692
IN46AC LGL .. .6
ANA =077
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IF HIGHs CHECK NEXT THRESHOLD
IF EQUALs SET AT NEXT LEVEL

IF LOWs SET AT THIS LEVEL

NEXT LINE OF PICT FROM MEMORY

NEXT LINE FROM TAPE

COMPUTE CCORDINATES OF
LOWER RH SQUARE OF PICT

MARK PICT ELEMENTS AS BELONGING TO

BLACKsWHITE OR 2ROKEM REGION

L LXA N2s4
X1 *4+1949-1
CAS TN+1s4
TIX ¥ml9bsl
TXI *+19b49-1
PCA 0s4
ADD N2
suB =1
ANA =077
STO ELEM
- CAL%® ___ IN&46AD
ALS 6
. ADD _ _ ELEM
IN46AD SLW PICT»1
TIX IN4G6ACH2y1
TIX IN4GB6ABY 1ol
- "TRA IN&6C
IN46B SETV IN4G6CIV4L4EE
LA xxi
ADD W2
STA IN4E6AB
ARS 18
BBR ADD W
TRA AAAA
IN46C TRA  INGED
IN46D TEQL IsIMAXs INSHS LAST LINE
ADST _ IsIs=1
CLA INGBKAD
TRA AAA )
IN46E TEQL LeyL2sIN5SB LAST LINE
ADST LalLoe=1
CALL RDSBIN
TIX 097 s9
TIX LIOCs150
TIX Q9ls0
CLA IN46AD
TRA REB
INSB CLA ITMAX
SUB s
ADD =1
STO ILAST
CLA JMAX
SUR S
ADD =1
5TO JLAST
ZET SW3
TRA 0Tl
TRA PSTART
PSTART EQUL Te=1
LMTM
P1 EQUL Je=1
P2 L XA N2s1
AXT DNe?2
5TZ SUMe 2
TXI1 H41929=-1
TIX *=29191
EQUL J1lsJ
L XA Se?
P2A EQUL 11,1
L XA Sl

Figure 4-4/Page 8




pzn TAKEN PICTsJHMAX 11 sJ1

PAC T3
CLA SUMs 3
ADD =1
STO SUMe 3
ADST I1le=1sIl1
TIX P2Rs1l sl
ADST Jle=1sJ1
TIX P2As2s1
LXA M2e3
AXT oY)
P2C CcLS 55Q CHECK AGAINST THRESHOLDS
ADD 315
ADD SUMe 5
TPL p2CC IF SCLID
TX Htls59-1
TIX P2Cs3s1
TRA P3 IF RROKEN
P2CC P XA Y93
SUR N2
SLy M SET MARKER TC SOLID LEVEL
P2D FQUL I1s1 MARK ALL UNMARKED SQUARES
LXrA\ 552
P2E EQUL J1lsJ
L XA Sel
P2F TAKEM PICT2sJMAXsI19J1
STO ELEM
ANA =04C
TZE P2G IF MARKED
CLA M
PUTM PICT2sJM AX s 11sJ1
P2G ADST Jls=1ysJ1
TIX P2Fs1s1
ADST Ile=1s11
TIX P2Es2s1
P32 TEQL Jes JLASTsP3A
FQUL J1lsJ
ADST Jeds=1
FQUL T1s1
L XA 5.1
P4 TAKEM PICTsJVMAXs11sJ1
PAC Ce3
CLA SUMe3
SUR =1
STO SUMe3
ADST I119=1511
TIX P4elsl
ADST J1sSsJ1
AXT 1.2
TRA p2A
P3A TEQL IsILASTBRST TO BRIGHTNESS SUBDIV OF BRKN AREAS
ADST Iels=1
TRA P1
3¢
* BROKEN REGIOMN ANALYZER AND DELINEATOR SUBRTN
BRST ., SBST ILAST s IMAXS2 SET LIMNEs COLUMN INDEX FLAGS
SBST JLAST s JMAX 952 FOR SCANNING=SQ OVER WHOLE PICTURE
EQUL Iey=2 SQ AT TOP OF PICT (EXCLUDING BORDER)
CLA =0
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BRSTS
BR1

AR2

BR3
BR3A
BR3A1

BR3C
BR3C1
BR3C2

o]
>~ & F
> >
e

23 A

BR5

RSP
AR5C

LDQ
DVP
CLA
DVP
sTQ
CLA
LDQ
LLS
DVP
XCA
SUB
STO
EMTM
SETV
SETV
EQUL
ADST
ADST
SETV
TRA
EQUL

" TAKEM

ANA
TNZ
ADST
TNQL
TRA
EQUL
FQUL
TAKEM
ANA
TNZ
ADST
TNQL
ADST
TNQL
TRA
TRA
FQUL
TAKEM
AMA
TNZ
ADST
TNGL
TRA

LQuL
FQUL
EQUL
FQUL
EQUL
FQUL
TAKEM
STO
ANA
TZE
CLA
AMA
TZE
ADST

N2

N2

=1B17
=3
=0

N3
=0

18
=3
N3
N3
AR3 s V3A
BR4 s V4 A

Je=2
1141452

JJsJeS2

BR6sVHA
*

JleJ

PICT2sJMAX s 1 sJ1

=040

BR4
JleJdls=1
J1sJJsDR3AL
BR9

I1s1

JlsJ
PICT2sJMAXsI11sJ1
=040

BRS
J1sJ1le=1
J1sJJ»BR3C2
I11911s=1
I11s11sBR3C1
0T1

I1s1
PICT2sJMAX s 119d
=040

RR5

I1s11s=1
I1s11s8BR4A1

RRY

"'sq AT FAR LEFT OF PICT (EXCL BORDER)

SET ROWs COLUMN INDEX FLAGS
OVER CURRENT sQ

Vv C

ANY BROKEN ELEMENTS IN
FIRST ROW OF SQ

YES

NOe TO NEXT SQUARE POSITION
ANY BRKN ELEMENTS IN SQ

YES

NOs TO OUTPUT
vV C

ANY BROKEN ELEMENTS IN

FIRST COL OF SQ
YES

NO

ISOLATED POINT PROCESSING

ISWCHs=0
VSWCH =0
As=0

Coe=C

I1sI

J1lsJ
PICT2sJiAXs119J1
ELEM

=040

RRS5R

ELEM

=C17

B3R5CO
JDELJeJ1lye=-1

SET SWITCHES

CLEAR CTRS

CURRENT ELEMENT

BROKEN/SOLID BIT
IF NOT BROKEN

VALUE BITS OF BRKN ELEMENT
IF NOT PREVIOUSLY ASSIGNEC A VALUE
ADJACENCY AND CONTRAST COUNT

Figure 4-4/Page 10




TAKEM  PICT23sJMAXsI1sJDELJY LEFT NEIGHBORING ELEMENT
STO ELEM?2
ANA =040
| TZE BR5CB IF NOT BRKN
| ADST AsAs=1 BRKNe COUNT 1 ADJACENCY
1 TAKEM  PICTeJMAXy11sJDELJ
STO ELEM2
TAKEM  PICTsJMAXs115J1
STO ELEM
SUR ELEM2
TZE BR5CB IF ZEROs NC CONTRAST
Ssp
ADD C IF NOT ZEROs ADD DIFFERENCE TO CONTRAST
{ STO C
- BR5CR  ADST IDFLIsI1ls==1
| TAKEM  PICT2sJMAXsIDELIsJ1l UPPER NEIGHRORING ELEMENT
STO ELEM2
ANA =047
TZE RR5R
ADST AsAs=1
TAKENM  PICTsJMAXsIDFLIsJ1
STO ELEM2
TAKEM PICTsJMAX9I1lsJ1
STO ELEM
sun FLEM2
TZE BR5R
sSSP —
ADD C
STO C
TRA BR5R _
BR5CO  ADST JlsJdls==1
TAKEM  PICT2sJIMAXsI1sJ1 LEFT NEIGHBORING ELEMENT
LRS 6
STQ K2
ADST JlsJdls=2
TAKEM PICT2sJIMAXs110J1 RIGHT MNEIGHZ2CORING ELEMENT
LDQ K2
LRS 6
STQ K2 .
ADST JlsJdle==1 RESTORE COLUMMN INDEX
ADST I1sIls==1
TAKEM  PICT2sJMAXsI1sJ1 TOP NEIGHBORING ELEMENT
LDQ K2
LRS 6
STQ . ... K2 .
ADST 11s11s=2
TAKEM  PICT2sJMAXsI1sJ1 BOTTOM NEIGHBORING ELEMENT
LDQ K2
LLS 30
PAI SET INDICATORS
. ADST  I11slls==1
STI K1
LA =040400000 90 DEGREE BROKEN
AXT 01
TIF IPR1 IF NO
ALS 12
AXC 1291 REMEMBER WHICH
TIF IPR1 IF NO
EQUL VSWCHs=1 NON-ISOLATED POINT
TRA BR5CA
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IPR1  EQUL ISWCHs=1 ~ ISOLATED POINT :
PIA ARE OPPOSITE SOLIDS IN THE SAME REGION

ARS 6 e
ERA K1
_ARS 0yl _
ANA =0770000
TNZ_ IPR2 IF NO
PIA
ARS 1241 =~ 1F YES T S
IPRIA TPUTM PICT2sJMAXsi1sJ1 CHANGE ELEMENT TO SAME
TRA BR5R
IPR2 CAL =0404040400000 ANY ADJACENT BROKEN ELEMENTS
TIF IPRY IF NO
CLA 2040400000 IF YESy OPPOSITE BROKEN ELEMENTS
. TI0  _ _IPRS. ... IF YES e
ALS 12
T10 IPRS
STL Al IF NOs» ARE ANY 90 DEGREE SOLIDS THE SAME
TRA IPR3
TRA IPRG
IPR3  PIA .
ARS )
ERA K1
LGR 30
PIA
ARS 12
ERA_ . K1
ARS 12
LGR 12
PIA
ARS 18
ERA K1
ARS 12
LGR 6
ADST AlsAls=1
TRA%* Al
IPR4  AXT 61
LGL 6
ANA =077
TZF IPRS IF YES
TIX ¥m39191
IPRS  TAKEM  PICTsJMAXsI1sJ1 IF NOs CHECK ELEMENT COLOR AGAINST
STO  ELEM SURROUNDING REGION COLORS
LDQ K1 .
AXT 41
IPR5A LGL 6
ERA FLEM
ANA =077
TZE IPR7 IF MATCH
TIX IPR5As 191
LDQ K1 IF NONE MATCHs ARRITRARILY SET COLOR
LGL 1
LRT
TRA IPR6 NEIZIHRORING ELEMENT IS SOLID
LGL 6
TRA Hm3
IPR6  LGL 5
TRA IPR1A
IPR7  CLA ELEM SET TO SOLID REGICH
TRA IPR1A
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_IPR8 __ CAL =0142214302214 S e .
TRA *42
ARS 6
TIX *¥=191s1l
ANA =077
STA *42 B
) PIA
''''' ARS 0
TRA IPR1A .
IPR9 STL Al ARE ANY 90 DEGREE SOLIDS THE SAME -
TRA IPR3
AXT 691
LGL 6
ANA =077
TZE 1PR1C 1IF YES ~ _ L
TIX ¥=349191
~ TRA IPRS IF NO
IPR10 SXA A2s1 ARE THE OTHER TWO THE SAME
LL 6
TZE IPR5
TIX ¥=29191 . . o
L XA A2s1
TRA IPRS IF NO
BR5R ADST J1sJls=1 NEXT COL OF SQ
TNQL J1sJJsBR5C .
ADST I1s11s=1 NEXT ROW OF SQUARE
. TNQL  I1sIIsBRSB - e e e+
BR5T TNQL VSWCHs=1sBR9 IF ALL BRKN PTS PREVSLY ASGND VALUE
TNQL ISWCH»s=14BR7 IF NO ISOLATED PTS
* "END OF ISOLATED PT PROCESSING
BR6 TRA * vV C
BR6A SETV BR6sV6B
TRA __ BR3 . o
BR7 LDQ N3
MPY A
STQ A
LDQ o
MPY =10R17
DVP _ A
XCA
ADD =1
STO Vv
I 2 - B = BROKENNESS PERCENTAGE
BR8 EQUL 111 WITHIN SQs SET EACH
BRBA.  EQUL. . JlsJ - .. - - BRKN ELEM VALUYE-IF- LSTH-Vy TO V-
BRSB TAKEN PICT2sJiiAXs119J1
STO ELEM
ANA =045 BROKEN/SOLID BIT
TZE BR8C IF NOT RRCKEN
CLA ELEM ELSE IF BROKEN)S
ANA =017 EXTRACT VALUE BITS
SUB v
TPL BR8C IF NEW ELEM VALUE NOT GRTH OLD
CLA ELEM
ANA =060 CLEAR OUT OLD VALUE
ADD Vv PUT IN NEW
PUTM. PICT29JMAXsI19J1
BR8C ADST J1lsJls=1 NEXT COLUMN OF sQ
TNQL J1sJJsBRSEB
ADST I1s11s=1 NEXT ROW OF SQ
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CF PICTURE

Figure 4-4/Page 12

(LAST POS)

TNQL I11+sI1sBR8BA
RR9 ADST Jede=1 MOVE SQ 1 COL RIGHT
CLA J
SUB JLAST
TMI BR?2 IF s NOT AT END OF LINE
TNZ BROB IF S PAST END OF LINE
TEGL T+ ILASTIBRYA IF 82 AT BOTTOM OF PICT
SETV BRG s V4L
TRA BR2
BRIA SETV BR3sV3C
TRA BR2
BRI9R ADST IslIe=1 MOVE SG 1 LINE DOWN
CLA I
SUBR ILAST
TMI  BRSTS IF SQ NCT AT BOTTON
TNZ 0T1 IF PAST BOTTOMs TO QUTPUT
SETV BR3sV3B
TRA BR1
¥*
#* OQUTPUT SUBRTN
oT1 CAL =6B17
CALL ~ (STH) SKIP TO NEW PAGE
PZE FMT1e0s=1
CALL (FIL)
AXT 10494
ST7Z2 BP+10s4
TIX  kemlabyl
OT1A EQUL le=2
NZT SW3
TRA O0T4 ‘
0T2 CAL =68B17 PRINT LINE OF PICTURE ELEMENTS
CALL (STH)
PZE __ FMT2+0s1
0T 2A EQUL Je=1
0T2B TAKEM PICTsJMAXsIod
PAC Coel
CAL SYMEs 1
ARS 30
" 0T2R1__PUTM OTBUF sONETWE 9=19J
TEQL JerJMAX0OT2C IF END OF LINE
ADST JeJde=1
TRA 0T28B
0T2C AXT 2Cs 1 FEED LINE TO PRINTER
0T2D LDQ OTBUF+20s1
S T R e ma— e e — X - — - -
TIX O0T2Ds1ls1
_CALL (FILY o
0T3 ADST Isle=1 OVERPRINT SYMBOLS FOR
TNQL I9»IMAXsOT4, BOUNDARY AND BROKEN-REGION POINTS)
ZET SW3 '
_ TRA 07388 ) R
OT3A CAL =6B17
CALL (STH)
PZE FMT490s1
AXT 1091
CLA 20
ADD BP+10,41 -
TIX ¥eol191lsl
STO TOTAL
AXT 691



LDQ HEAD+691
STR
TIX Hm29101
AXT 1091
0T3B PXD 091
SUB =10B17
sSSP
XCA
STR
LoQ nP+10,1
LLS 18
STR
LDQ BP+10,1
MDY =100
DVP TOTAL
ALS 1
SUB TOTAL
1 ¥k ly
XCA
ADD =1
XCA
LLS 18
STR
TIX CT32»s1s1
CALL (FIL)
CAL =6R17
. CALL (STH)
PZE FMT5sCs1
LD TOTAL
LLS 18
STR
CALL (FIL)
CCAL . =6B17
CALL {STH)
PZE FMT6s0s1
LD W
MPY =
XCA
SuUR =2
STO ELEM
CLA Lz
SUB L1
SUB =
XCA
_ _MPY ELEM
LLS 18
_ _.S1TQ ELEM
STR
CALL . _(FIL)
CAL =6B17
CALL (STHY
PZE FMT7s0,1
LDQ  _  TOTAL
MPY =100
LLS . .18
pvp ELEM
LLS 18
STR
. __CALL  (FIL)_
OT3BB NZT SW1
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0T3C

0T3N
X X4

TRA OT3wW

CAL =6B17 FREQUENCY TABLE
CALL (STH) .
PZE FMT890s1

AXT 31 _HEADINGS
LDQ HEAD2+391

TIX #ea29lyl
AXT_11e1
LDQ HEAD3+11y1

STR

TIX *m2y191

AXT 6491

PCA Dyl

ADD . =64 _ _

ANA =077

XCA

LLS 18

STR

LbDQ BRIT+6491 FREQUENCY
LLs 18

STR

XCA

L XA MN2s2

TXI1 *41929-1

PCA et

ADD =64

ANA =077

CAS TN+192

TIX Heml9291

TX1! *blys20-1

PCA 092

ADD N2

SuUn =1

PAC B ’ 2

Lon SYNEe2

CAL =0606C60606040

LGR 30

STR

Lnn SY!'"Re2

CAL =0676060606060

LGR 30

STR

TIX CT3Cs191

CALL (FIL)

CAL =6R17 SUB=-TARBLE
CALL (STH)

nZr FMT9e0ys 1

AXT Ll

LDOO HEADA4+4 91

STK

TIX YemDelsl

Lha N2

LLS 18

STR

AXT 592

ZET DATAT

AXT 292

AXT 4el

Lpe HEAD4+8 1
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STR

TIX Hm291lsl

XX5 LD RRITMU L
LLS 18
STR
CLA XX4
ADD =4
STA XX4
CLA XX5 _
ADD =1
STA XX5
TIX OT3Ds2s1
SETV XX 9 VX XS
SETV XX5 s VXX5
CALL. .. (FIL)

* LINES 2 THROUGH IMAX=1

0T 3w L XA SAVE4 s 4
TRA 14 EXIT

0T3X NZT SWl IF NO TABLE PRINTOUT IS WANTED
TRA OT3A

0T4 CLA =060 SET FIRST AND LAST ELEMENTS
ZET SW3
TRA 0oT?2
PUTM OTBUF s ONETVE 9=1 sONE OF LINE TC RBLANK
CLA =067 ,
PUTM OTRUF sONETUWE s=1 s JMAX
EQUL _ . Js=2 _ . R

OT4A TAKEM PICT29JIMAXsI »J
STO ELEM
ANA =040
TZE OT4AA IF ELEMENT IS IN A SOLID REGION
CLA ELEM IN BRKMN REGION

__.ANA =017 _EXTRACT BRKNNESS VALUE BITS
CAS =11
CLA =11
SuUB =
suR =
PAC Os4
XCA e o R
CLA BPy4
ADD =
STO BPs 4
I )

NZT SW2
TRA o117 o o .
TRA 0T4B

OT4AA__LAC ELEMs] e
NZT SW2
TRA OT3.
CAL SYMR 1

_ ARS 30

0T4B PUTM OTBUF sONETWE s=1sJ
CLA J
SUB JMAX
ADD =1
TZE 075
ADST Jada=1
TRA OT4A

0TS _ CAL. =6B17 FEED LINE TO PRINTERY
CALL (STH) NO PRINTER ADVANCE
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PZE  FMT3,0s1

oT6 AXT 2091 v
OT6A LDQ OTBUF+20s1
STR
. TIX O0T6As1>s1
CALL (FIL)
i .. _TRA 0T2
oT7 CLA J
— SUB JMAX
ADD =]
TZE 0T8 ) o
ADST JeJds=1
TRA OT4A
oT8 ADST Isls=1

EQUL Js=22
TEQL IsIMAXsOT3A

TRA OT4A
3#*
FMT1 BC1 15(1H1) .
FMT?2 BCI 23 (1H9920A6) ADVANCE PRINTER AFTER PRINT
FMT3  BCI 29 (1H+920A6) . o
FMT4 RCI 44 (6A6//7(111291195118))
FMT5 BCI 79(//7(10Xs111092Xs16H BROKEN ELEMENTS))
FMT6 BCI T79(//7(10Xs111092Xs20H ELEMENTS IN PICTURE))
FMT7Y BCI 79(//7(10%Xs111092Xs15H PERCENT BROKEN))
FMT8 BCI T79(3A6//711A6//111169111396Xs1A699X91A6))
FMT9  BCl 39 (//(/4A65117)) S
HEAD BC1I 691 BP FREQ PCT
HEAD2 BCI 391 FREQUENCY TABLE
HEAD3 BCI 8 BRIGHTNESS FREQUENCY ELEMENT SYMBOL
BCI 3y REGION SYMBOL
HEAD4 BCI 4y NUMBER OF LEVELS (N)
BCI  4s MEAN RRIGHTNESS & o o L
BCI 4y MEDIAN BRIGHTNESS o
BCI 4y LOWER CUT-OFF o o o o
BCI 4y UPPER CUT-0OFF &« o o &
F%CI 49 SIGMA . . ® L) ] ® [ [
*
* TEMP STORAGEs CTRSs ETC FOR BRAND=2 AND SORD=-2
I DEC 0 PICT (MEMORY PICTURE) LINE INDEX
11 DEC 0
IDELI DEC 2
ILAST DEC 0 I COORDINATE OF LOWER RH SQUARE IN PICT
IMAX DEC 0 LAST LINE OF PICT
J DEC N PICT COLUMN INDEX
J1 DEC 0
JDELJ DEC n
JLAST DEC n J COORDINATE OF LOWER RH SQUARE IN PICT
JMAX DEC 0 LAST COLUMN OF PICT
L DEC 0 TAPE RECORD INDEX
M DEC 0 ELEMENT MARKER
ELEM DEC 3
ER DEC 0 WIDTH OF PICTs IN ELEMENTS
SAVE4 DEC 0
i NEC ) WIDTH OF PICTs IN WORDS
KZ DEC 0 FIRST PICT ELEMENT OF INPUT BUFFER
ONETUWE DEC 120 e
ONE DEC 1
* TEMP STORAGEs CONSTNANTSs ETC FOR BRAND=-2
V3A PZE BR3A VAR CONNECTOR SETTINGS
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V3R PZE BR4

V3C PZE BR3C

Vaha PZE BR&A

V4B PZE BRS

V6A PZE RR6A

V6R PZE BR7

ISWCH DEC 0

VSWCH DEC 0

K1 DEC___ O

K2 DEC 0

Vv DEC 0 STORED VALUE OF BRKN ELEMENT
ELEM2 DEC 0 NEIGHBOR ELEMENT
11 DEC 0 SQ PROCESSING

JJ DEC 0 FLAGS

Al DEC 0 TEMP STORAGE FOR
A2 DEC 0 ISOLATED-PT SUBRTN
A DEC 0 ADJACENCY CTR

C DEC 0 B/%W CONTRAST CTR
TOTAL DEC ¢

* ___BRAND = 3 VARIABLES

TOTAL2 DEC 0

RRITMU DEC 0

BRITMD DEC 0

ALPHA DEC 0

OMEGA DEC 0

SIGMA DEC_____ O .
N3 DEC 0

5$5Q DEC 0

SAVE DEC 0

SAVE2 DEC 0

V40 PZE IN4O

V4aeR  PZE  IN46R R
Vag PZE IN46

V43 PZE CIN43

V44 PZE INGGA

V46A PZE IN46A

V46D PZE IN46D

V46E PZE ING6E e

VXX4 PZE HEAD4+8

VXX5 PZE BRI TMU

3*

* . BUFFERSs WORK AREAS

INBUF BSS 50
_OTRUF _BSS 20 ~ i
BRP BSS 10

‘BRIT BSS 64

PICT BSS 8000

PICT2 BSS 8000

*

SW3: COMMON 1 e .
SW2 COMMON 1

SW1 COMMON 1

DATAS COMMON 1

N2 COMMON 1

DATATN COMMON 32
. DATAT COMMON 1 e

SYMRN COMMON 32

SYMR COMMON 1

SYMEN COMMON

W
N
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SYME COMMON 1
BN COMMON 32
Bl COMMON 1
W2 COMMON 1
Wl COMMON 1
L2 COMMON 1
L1 COMMON 1
WR COMMON 1
S2 COMMON 1
S COMMON 1
SUMN  COMMON 32
SUM COMMON 1
TN COMMON 32
END
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PART V

SB-3 Applications: Delineation and Analysis of

Multi-Brightness-Level Meteorological Pictures

ABSTRACT

This Part describes the application of program SB-3 to
TIROS VI pictures illustrating the same pattern types as analyzed
by Program SB-2, Using fixed values for other parameters derived
from SB-2 analyses, the effects of varying the number of brightness
levels and SORD square size are examined, and optimum values
selected for pattern processing., The relationship is investigated
between the brokenness statistic and meteorological phenomena
exhibited in the pictures. Comparisons of program SB-3 and SB-2 .

analyses are made where appropriate.



5.1 Introduction

In Part III, optimum parameter values were determined for
the application of program SB-2 to meteorol~; .cal picture processing.
In Part V there are employed in the analogous application of program
SB-3. A new and probably most important parameter must also be

considered for SB-3: the number of brightness levels (N) into which

to subdivide the picture prior to processing. Also, it is intuitively

conjectured that the SORD scanning square size (S) may have a different

optimum value for SB-3 than for SB-2. The conjecture is that with a
greater number of brightness levels; a given square size will probably
result; for SB-3 as compared with SB-2, in the classification of a
relatively greater proportion of the picture as '"broken.! For in order
to be classified as ''solid" at a given level the brightness value must
lie within a range of values which becomes smaller in proportion to
the overall range of values as N increases. Therefore the probability
of classifying an element as broken increases as N increases. Hence
to achieve SB-3 results comparable to those achieved for SB-2--
yielding significant solid as well as broken regions--the scanning square
size should be smaller.

It will be seen that the investigation to be described in the
next section, which selects preferred values for S and N, supports
this conjecture. In Section 5.3 the pattern types analyzed by program
SB-2 are analyzed by program SB-3. In Section 5.2 the relationship
of the percent of picture area classified '"broken' to variation in the
parameters S and N is examined. In Section 5.3 its relationship and
the relationship of the bz skenness statistic itself to meteorological

pattern variation are examined.




5.2 Investigation of SORD Scanning Square Size and the Number of

Brightness Levels

The object of this investigation is to determine the combina-
tion of SORD square size (S) and number of levels (N) which most
satisfactorily subdivides a picture into sclid and broken areas., Two
extremes are to be avoided'.i One, using toc small a value for S and
too large a value for N, results in the annotation cf tooc much picture
detail, The result is a printout of many small regions which (though
perhaps reflecting fine structural details of the picture) does not
sufficiently reduce for subsequent analysis the complexities of the
original picture. The other extreme is the use of too large a square
size and too few brightness levels: the result, in the extreme, is that
100% of the picture area is classified as brcken,

For the present investigation N and S were varied simultaneous=-
ly for a single picture (P4, depicting a vortex), N taking the values
2, 3, 4, and 5 and S taking the values 5, 8, and 10, The twelve
pictorial cutputs representing all paired combinations of these para-
meters are shown in Figure 5-1., The three cutputs with N=2 were
produced by program SB-2 (rather tkan SB~3) and are included for
comparative purposes. (The fecrmat and interprefation of SB-3
printouts is described in detail in Section 4,4,) Other rarameters
fixed for these outputs were a ncise ratic of 8/100 and a BRAND
scanning square size {S2) of 3, Threshkold valces fo>r the SB-3 cutputs
were derived by the computer {Secs. 4.4, 4.5); the valies actually
assigned, along with the computed "cutoff range" (Sec. 4.5} of the

brightness distributinn, are as follows:



Figure 5-1

SB-3 Pictorial Output for Variation

in SORD Square Size and Number of Brightness Levels
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Square Size (S)=5

il
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Square Size (S)=8

N=4 N=5
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Square Size (S)=10

N=4 N=5
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Number of

Brightness Cutoff Range Computed
Levels (N) Min. ~-Max. Thresholds

3 15-40 24, 33

4 14-40 21, 28, 35

5 13-40 19, 25, 31, 36

For the SB-2 outputs, the cloud/noncloud threshold was set at 24,

Considering first the level S:=5, the general effect of increasing
the number of brightness levels is to subdivide an increasing propor-
tion of the picture into small regions. At N-values of 3 and 4 long thin
areas appear representing minor structural elements of the vortex,
but at the expense of the additional subdivision. For all values of N
on this level, the picture appears too detailed and hence difficult to
interpret.

At the next level, S=8, the number of delineated regions
decreases markedly while region size shows a corresponding increase,
For N=3 the picture is adequately subdivided into a large "solid
black" region surrounding the vortical area which consists of a
broken area interspersed with a few "™solid gray" regions. Below
this appears the "solid white™ center of the vortex. At this square
size level, N=3 is to be preferred, for at N=4 and N=5 the number of
regions has increased to the point of excessive detail.

At level S=10, a simply subdivided picture is produced
for all values of N, But at N=4 and N=5 the proportion of broken area
has increased to the extent of eliminating too much of the "solid
black" area surrounding the vortex, At N=3, however, this is

very adequately represented, along with a single connected broken

5-4




area surrounding the "solid white" vortical area, and fewer isolated
patches of "solid gray" than evidenced in the picture with parameter
combination S=8 and N=3.

The preferred parameter values are therefore N=3 and S=10.
The first choice may seem surprising in view of the SB-3 program
capability of . processing as many as fifteen brightness levels,
but it is dictated by the criterion of avoiding excessive detail in
picture subdivision. The choice of N=3 represents a substantial
improvement over N=2 as processed by program SB-2.

The effect of variations in S and N on the percent of

picture area classified as broken is interesting to note:

Percent of Picture

SORD Classified Broken

Scanning for Levels of N

Square Size (S) 2 3 4 5
5 7 16 30 38
8 11 24 42 53
10 12 38 63 76

It is evident that an increase in either variable tends to increase
the overall percent broken; furthermore the relative increase itself
increases as either variable increases independently of the other.

As conjectured above, this is to be expected on consideration

of the logical operation of programs SB-2 and SB-3 (Parts II, IV).

5.3 Investigation of Meteorological Pattern Variation

In the preceding section it was determined that the vortex
picture P4 is best output by SB-3 at three brightness levels and with

a SORD scanning square size of 10, In this secticn these parameter



values are fixed as input for SB-3 processing of a sample of nine
pictures representative of the three pattern types (vortex, band struc-
ture, cell structure) analyzed by program SB-2. As before, pattern

types are represented in three groups of three pictures each, as

follows:
Representative
Pattern Type Pictures
Vortex P4, P51, P26
Band Structure P8, Pl2, P41
Cell Structure P2, P10, P49

SB-3 output for these pictures is shown in Figure 5-2,

The other input parameters are fixed at the values used in
the preceding section: a BRAND scanning square size (S2) of 3 and a
noise ratio of 8/100 for all solid-region levels, Threshold (T) and
distribution cutoff values were determined by the computer with the
following results:

C omputed Threshold

Separating
Pattern Distribution Solid-Region Levels
Group Picture Cutoff Range Black/Gray Gray/White
Vortex P4 15-40 24 32
P51 15-38 23 31
P26 14-37 22 30
Bands P8 14-40 23 32
P12 15-42 25 34
P41 15-42 25 34
Cells P2 14-33 21 28
P10 14-35 22 29
P49 16-45 26 36

Threshold values are somewhat higher and the rahge somewhat larger

for the band-structure group than for the vortex group. The first
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Figure 5-2

SB-3 Pictorial Output for Meteorological Pattern Variation
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Vortex

P26
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Band Structure
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Cell Structure

P49
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two pictures of the cell-structure group have lower threshold values
and a smaller range than the average of either of the first two groups;
however, P49 of the cell structure group has a higher set of threshold
values and a larger range than any other picture in the group. There-
fore it must be concluded that this sample provides insufficient evidence
concerning the relationship between assigned threshold value and
pattern type, if any.

Of the vortex group, SB-3 output for P4 at the present set of
parameter values was examined in the preceding section, and found to
represent a very adequate subdivision of the picture into broken and
solid areas, The output for P51 is somewhat more detailed, but
examination of the originali‘:f.photograph (Figure 3-1) justifies this
result. The darkest areas of the photograph appear as a large solid-
black region in the upper right portion and a set of smaller solid-black
regions in the upper left portion of the SB-3 output. The vortical
spiral and terminating "'spur" appear in the output as two solid-white
regions flanking a broken region perforated with smallgr solid black
and solid gray regions. The lower left portion is adequately repre-
sented by a large solid gray region. In the SB-3 output of P26 the
extremity of the "hook" curving down from the left corner is more
pronounced than in the photograph, being represented by a large broken
region surrounding a solid gray region. The region of small cells
in the left corner appears in the SB-3 output as a large broken region.
Picture sui;division is accomplished with relatively féw regions.

Of the band-structure group, P8 and P41 are represented
principally by large solid black and broken regions (interspersed . with
smaller solid white regions) whose shapes bring out the pa rallel band

structure quite adequately, In P12, however, most of the band struc-

ture is classified broken. Closer examination of the bands reveals



that in fact they are made up of small cells, The program classified
these, as well as their relatively lighter (but not solid) background,
as broken, resulting in a few solid white and solid gray smaller
regions appearing on a large broken background. This suggests
that a further subdivision within the "broken™ category might prove
useful in some instances to distinguish relatively dark broken regions
(the cellular bands in this case) from relatively light broken regions
(the background).

Considering finally the celi-structure group, we see that
the results for P2 appear only at first glance to be inconsistent with
the photograph. Closer examination shows that the cell areas of the
photograph have been linked together in a single connected broken
region, flanked by two large solid black regions corresponding to
the darkest areas of the photograph., The contrast between a large
solid gray region and the large broken region enclosing it appears
weaker in the photograph than in the SB-3 output, but clearly discerni-
ble nonetheless. The trivial detail of the few very smalil cells
appearing in this area is omitted in the SB-3 output. In P10 a simi-
lar treatment is observed: a single large connected broken region
represents the large cells of the photograph, confirming the not
immediately evident fact that these cells are actually connected in
the photograph as well. The remainder of the SB-3 output appears
as large cornected solid black regions save for a few isolated regions
of solid gray and solid black, The shapes of the regions correspond
closely to the broad shape outlines of the photograph., The remaining
picture, P49, is represented by SB-3 as solid black connected regions
and some isclated solid white regions on a broken background.

Logically {though not necessarily psychologically) speaking, it is
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also true of the photograph that the lighter (cloud) area, being more
connected and somewhat greater in area, forms the background for
the darker (noncloud) areas,

Considering now the application of program SB-3 to the
distinguishing or identification of meteorological patterns, the same
general observations apply here as for program SB-2, Patterns
show up as lines between texturally distinct regions or as shapes
of regions on a texturally distinct background, and hence tools
should next be developed for analyzing these simple geometric con-
figurations. Comparison of SB-2 and SB-3 output for the sample
picture set indicates that SB-3 is capable of eliciting more subtle
elements of pattern structure in truer conformity to the photograph,
but possibly at the expense of a more complex presentation of this
structure than might be required for the initial task of determining
whether a picture does in fact contain an interesting pattern. It
is recommended that further investigation be conducted to examine
relative capabilities of SB-3 and SB-2 for this task, with the objective
of its accomplishment by the simplest possible means.,

Consistent with previous analyses, the relationship between
pattern type and the percentage distribution of the brokenness sta-
tistic was investigated. The results are shown in graphic form in
Figure 5-3. There appears a noticeable difference in the form of
the distribution for the vortex group as distinguished from the other
two groups. The vortex group distributions all have a single mode
with a monotonically decreasing falloff to the tails on either side.
All distributions in the cell structure group and two out of three in
the band structure group are bimodal. The third distribution in the

latter group is unimodal but there is not a monotonically decreasing
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falloff to the right of the mode (the percentages for brokenness values
5 and 6 are equal). This is the first indication of a basic structural
difference in the brokenness distribution for differing pattern types.
If further sampling confirms this result, testing for the number of
modes in the distribution could serve as a means of distinguishing a
vortex from the other two patterns (the distributions for the latter,
however, are not significantly different in structure). Furthermore,
the physical basis for the observation might be discoverable by a
component analysis of cell structure and band structure patterns.
As a result of further analysis it might be concluded that the two
modal values (observed as 4 and 6 in Figure 5-3) tend to be concen-
trated at particular areas within the pattern structure; discovery of
such concentrations might then.ée rve as a means of identifying the
pattern.

Within each group the distributions are remarkably similar.
All nine distributions have a maximum mode of 4, and in all distri-
butions frequencies of at least one percent were recorded for all
ten brokenness values, The analogous analysis for SB-2 yielded
nonzero percentages for the upper three brokenness values of 7, 8,
and 9 for all distributions, with no mode exceeding 3. This is un-
doubtedly due to the necessity of taking into account for SB=3 the
relative contrast between adjacent elements depending upon by how
many brightness levels they differ; one would expect higher broken-
ness values on the average, even allowing for the slight change in
definition of "brokenness value" necessary for SB-3. No other
significant differences between the distributions for different pattern
type groups appear to be displayed by the graphs. |

The following percentages of total picture area classified

as broken were observed for the nine pictures:
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Percent of Area
Classified Broken

for Picture Mean
Pattern Type 1 2 3 %
Vortex 38 47 29 38
Cell Structure 59 85 47 64
Band Structure 43 43 60 49

The mean values indicate that in terms of relative brokenness of
pattern type the rank ordering is cells, bands and vortices. ! One
would certainly expect cells to rank highest, but one might also
expect, prior to experience, to find the order of bands and vortices
reversed. However even within the cell structure group one notes
a wide range of values (47 to 85), possibly explainable by further

investigation of structural variations within each pattern type.

1. This assumes that the patterns appear in the pictures all
at the same scale. In all cases almost the entire picture area is
occupied by the pattern.,
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PART VI

PAX: A Computer Program for Extracting

Pattern Structures from Meteorological Pictures

ABSTRACT

A computer program is described which locates and delineates
linear pattern structures present in digital-two-brightnéss-level meteoro-
logical pictures. The program produces a printout of the annotated
picture plus a frequency distribution of brokenness values (ref. Part 11)
over the picture. The primary purpose of the program is to transform
a raw digital picture into a form which can be input to a future pattern

L

recognition process.’



6.1 Introduction and General Description

Program SB-2 (ref. Part II) was designed to subdivide a digital
picture into solid and broken areas; the resulting solid areas have an
approximately uniform brightness in comparison with the broken areas
which typically contain highly interspersed cloud and noncloud picture
elements. This program further analyzes the broken regions, computing
for each element a brokenness value based on the extent that the element
contrasts with its immediate neighbors.

Consider now the problem of delineating--or ''extracting' a line
pattern from a digital picture.‘. The lines of a pattern may be seen in a
photograph as (1) the edge between two texturally different region’s or
(2) a line of one texture distinguished from a background of another
texture. Within a neighborhood of this edge or line, the brokenness values
are likely to be at a local maximum. For since in either case the neighbor-
hood includes a transition area from one texture to another (solid cloud to
solid noncloud, solid ’clould to broken, or solid noncloud to broken), within
it there will be a relatively high concentration of contrasting elements.

If we now compute brokenness values over the whole picture (instead of bnly
within broken regions as for SB-2) and mark (overprint) those elements
which equal or exceed a specified threshold value,  we have a means of
deiineating these local maxima. The result is an extrac'tion of the line

pattern.




An edge between two solid regions, or a solid line on a solid
background, will evidently be extracted by employing this technique.
Those parts of broken regions with a high degree of brokenness will
be extracted as areas. For a broken region in general the extraction
will include the boundary between it and the adjacent solid region(s),
since the brokenness values along the region boundary tend to a maxi-
mum in transition from one region to another. The extraction of a
broken region will thus include its boundary plus none, part, or
possibly all of its interior.

The PAX program is an adaption of SB-2 to perform pattern
extraction as just described. The critical input parameters are the
cloud/noncloud threshold (T), the brokenness value threshold (T2)

1 The format of the picture

and the brokenness value square size (S2).
on magnetic tape and its in;;ut to computer memory is the same for
PAX as for SB-2. Here however SORD processing is omitted, and the
brokenness value (ref. Part II) computed for every element of the
picture based on parameters T2 and S2. The program then outputs

the digital picture based on the threshold T, with an overprint of the

PAX-extracted elements. It then outputs a frequency distribution

of the brokenness values computed over the whole picture.

1. This is conceptually the same as the BRAND scanning square
size used in the SB-2 program.



The PAX program provides a new and interesting application
of the brokenness statistic. In program SB-2 it serves as a tool of
analysis of broken regions; in the PAX program, as a means of trans-
forming a digital picture into a form which can be input to a future
pattern recognition process. For if PAX can single out the pattern
that the process is to identify, the complexity of the subsequent task

of recognition is reduced by a significant order of magnitude.

6.2 Input

This is exactly the same as for program SB-2 (Sec. 2.2).
The same input tapes may be used interchangeably between SB-2 and

PAX,

6.3 Operating Parameters

The following parameters are required for operation of the
PAX program. Their values are supplied by DEC cards included in

the symbolic program deck, as described in Sec. 2.2:

Allowable Range

Parameter Definition Min. Max.
T Cloud/noncloud threshold 0 63

T2 Brokenness value threshold 1 9




Allowable Range

Parameter Definition Min. Max.
Ll First line of tape picture 1 Tape limit
L2 Last line of tape picture 1 L1+ 999
wl First word of tape picture 1 288
w2 Last word of tape picture 1 W1+ 19
S2 Scanning square side length for 1 30

brokenness value computation
(ref. note 1)

WR Words per line of tape picture 1 288

The brokenness value threshold (T2) is used to classify picture

elements as either belonging or not belonging to the PAX-extracted

pattern, depending upon whether the computed brokenness value (of

range O through 9) equals or exceeds T2, or is less than T2, respectively.
Other parameter definitions are the same as given for program

SB-2 (Sec. 2.2). Itis noted that in comparison with program SB-2, the

PAX program dispenses with three SB-2 parameters: The SORD

scanning square size (S) and the ‘‘noise® ratio parameters {BB and BW).

6.4 Sample Output

A sample picture annotated by PAX is presented in Figure 6-1.
The sample pictorial output is from P51, depicting a vortex. The

vortical structure is clearly expressed in the outlined solid cloud
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Figure 6-1

Sample Picture Annotated by PAX Program




extending in the sha_.pe of a hook from the upper right corner downward
and to the left; by the outlined noncloud shape extending in a spiral
clockwise upward from the lower right corner; and by the noncloud
shape curving upward and to the left from the center of the vortex.

Tile basic parameters input for the production of Figure 6-1 were T=24,
T2=3, and S2=2.

The PAX overprint depicting the pattern structure consists of
the characters "$'" and "/'. The former, which occurs with much
greater frequency, depicts all picture elements having a brokenness
value of T2 (equal to 3 in the sample output) or greater; the latter
depicts all elements having a brokenness value of one less than the
threshold T2 (equal to 2 in the sample output). The output thus in
effect displays the PAX overprint for two successive threshold
values (hence the restriction that T2 have a minimum value of 1).

A tabular output of the brokenness value frequencies for
Figure 6-1 is shown in Figure 6-2. For each brokenness value the
table lists (1) its frequency and (2) the percent of total picture area

labeled with the gi\;‘en value.

6.5 Logical Description

The logical operation of PAX has been briefly outlined in

Sec. 6.1. It may be considered as the following adaptation of program
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BROKENNESS

VALUE FREQUENCY PERCENT
0 33006 58
1 2755 5
2 5431 10
3 7493 13
4 0 0
5 5021 9
6 2047 4
7 579 1
8 72 0
9 0 0

Figure 6-2

Output of Brokenness Value Frequencies for Figure 6-1
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SB-2 (ref.‘ Part II). If the "'noise parameters' BB and BW are set so

that all picture elements will be classified as broken, 2 then follov&;ing
execution of SORD the BRAND process of computing brokenness values
will be performed over the whole picture. Now modify the output program
s‘o that PAX overprinting is substituted for SORD and BRAND overprinting;
i.e., so that all'elements whose brokenness value equals or exceeds the
brokenness threshold T2 are overprinted with the character "$", those
whose value is equal to one less than this threshold are overprinted with
the character ''/*", and all other elements are not overprinted. Also
modify the brokenness value frequency output to omit output of the
information following the frequency table (ref. Figure 2-2). As a result
SB-2 is transformed into PAX.

In actuality, program SB-2 was substantially rewritten to pro-
duce a more efficient version of PAX. SORD processing is omitted
entirely. After input of the picture from magnetic tape the program
performs BRAND processing (ref. Sec. 2.5) over the whole picture
(omitting ""isolated point'' processing, which is not necessary since all
elements are classified broken) and proceeds directly to the output program,

modified as described above.

2. E.g., by inputting SORD scanning square size S=1, and
noise parameters BB=1, BW=2,



To accomplish this, one modification was made in the format
of picture elements initially stored in memory. On input a noncloud
picture element is assigned the value 16 and a cloud element the value
0. This avoids having to assign a bit to identify an element as broken
(since all are broken) and provides the four rightmost bit positions of
the six-bit picture element for storage of the brokenness value. That
is, the following values can be assigned on input:

Value Assigned

Element by PAX Bit Pattern
Cloud 0 000000
Noncloud - 16 010000

In all other respects logical operation of PAX is the same as
for SB-2 {(ref. Sec. 2.5). The logical flow chart of PAX is presented
as Figure 6-3. The IBM 7094 symbolic program listing for PAX is

presented as Figure 6-4.




Figure 6-3

PAX Flow Chart




TAPES

@ INPUT TAPE: PICTURE TAPE

PARAMETER INPUT

PARAMETERS
INPUT PARAMETERS
: T CLOUD/NONCLOUD THRESHOLD
T2 BROKENNESS=-VALUE THRESHOLD
IMAX NO. OF LINES ) L1 FIRST LINE OF TAPE-PICTURE
IN MEMORY L2 LAST LINE OF TAPE-PICTURE
PICTURE INITIALIZE PROGRAM W1 FIRST WORD OF TAPE-PICTURE
W NO. OF IMAX = L2-L1+1 WZ2 LAST WORD OF TAPE=-P ICTURE
WORDS PER W o= W2-W1+1 WR WORDS PER LINE OF TAPE=-PICTURE
LINE IN A = 2(32)2 S2 SCANNING SQUARE si1zZE FOR BRAND
MEMORY =P ICTURE %

PROCESS ING
} A  NUMBER OF ADJACENCIES FOR

N S2x52 sSQUARE
ANY PARAMETER WR>288: S2 >»30,
700 LARGE? W>120 or IMAX>>» 1000

ye

ERROR DUMP
DUMP PARAMETERS

G-

PicTURE INPUT

IN1
JMAX NO. OF ELEMENTS PER L INE
JMAX = 6W .
IN MEMORY P ICfURE
SET OUTPUT AREA TO
BLANKS
- KZ NO. OF FIRST ELEMENT OF

TAPE-P ICTURE

MEMORY~PICTURE L INE COUNTER

._.@

L TAPE-P ICTURE L INE COUNTER
SET KZ = 6(W1-1) 41

COUNTERS | =1, L = LZERO LZERO MASTER TAPE LINE COUNTER

-

NEXT
PICTURE L INE

READ NEXT RAPE RECORD

Q_

FIGURE 6-3/ Page 1
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LasT
PICTURE LINE

READ BY?

Is
ELEMENT
"CLouo"?

. X
"o
—

-®

FIRST ELEMENT OF TAPE-PICTURE LINE (INDEX K)
FIRST ELEMENT OF MEMORY-PICTURE LINE (INDEX J)

Y
INBUF (K) > 'HPICT(I,J):O

'

Svore "crLoup"
ELEMENT IN
MEMORY P ICTURE

STORE
"Non-crouo"

PICT (1,J)

16

ELEMENT IN
MEMORY PICTURE

END OF
P ICTURE
LINE?

LAST LINE
PROCESSED?Y

NEXT ELEMENT
of LiINE

N | = |+
L =L+
Next LINE

of PICTURE

Reag NexT
Tapre
Recorp

F IGURE 6-3/PAGE 2



PAX PRoOcCEss ING

{LAST, JLAST COORD INATES OF UPPER
BRST LEFT CORNER OF SCANN ING
SQUARE N LAST POSITION
(LOWER RIGHT CORNER OF
PICTURE)
A 4 s
ET ROW AND COLUMN INDEX FLAGS
ILAST = IMAX - S2 FOR SCANNING SQUARE OVER WHOLE PICTURE.
JLAST = JMAX - S2 PLACE SCANNING SQUARE AT TOP OF PICTURE
|l =2

©

= 2 PLACE SQUARE AT LEFT BORDER OF PICTURE
ff = f : gg SET ROW AND COLUMN INDEX FLAGS 11, JJ

FOR CORRECT SQUARE POSITION

WITHIN SCANNING SQUARE,
COUNT

C = NUMBER OF CONTRASTING NOTE: DETAIL OF FLOW FROM
HOR1ZONTAL AND VERT ICAL BR5 710 BRY
ADJACENC 1ES

FOLLOWS MAIN FLOW

CHART

g Ps9

FIGURE 6-3/Pace 3




I

P = INTEGER 10 C CoMPuUTE
A BROKENNESS
varve (P)

r 0 €rg9

LABEL ELEMENT

IF PICT (11,J1) 8175 4-1<V, WITH BROKENNESS
SeT PICT (11,J1) Bi1s -1 =V | varLue

11 = 1(1)11-1

J1 = J(1)JdJ-1

J=J + 1 NEXT SQUARE POSITION

Is SQUARE PAST
END OF LINE?

Il =1 + 1 MOVE SQUARE ONE L INE DOWN

IS SQUARE PAST

BOTTOM OF
PICTURE?

To ouTPuT
FIGURE 6-3/Pace 4



OUTPUT

NexT

-(®

SET BP (K)=0, (K=0(1)9)

SKIP TO NEW PRINT PAGE
| =2

«—6@'

Output "AcTuaL" ELEMENTS
ofF Line |

BLack as "Dot"

WHITE As "BuLank"
ADVANCE PRINTER 1 LINE

L INE

CLEAR FREQUENCY TABLE

COMPUTE
BP = BP(0O) +...+ BP(9)

For eacn K (K = 0(1) 9),

OuTtPuT
K BROKENNESS VALUE
BP(K) FREQUENCY

100°BP(K)/BP PERCENT OF TOTAL

FIGURE 6-3/Page §



FOR EACH ELEMENT OF L INE
P = V-1

BP(P) = BP(P) + 1

b

OUTPUT ELEMENT OVERPRINT
"$l| IF P_>- T2

/M aF P o= T241
"BLANK" OTHERWISE

&

V = STORED BROKENNESS VALUE
FOR ELEMENT

COMPUTE FREQUENCY OF
BROKENNESS VALUES

OuTPuT PAX OVERPRINT

FIGURE 6-3/Pace 6



CounTing oF ConTrALTS (DeETaiL, BRH To BR7)

! C CONTRAST COUNTER

C=0, 1M1=
11,J1 COORD INATES OF CURRENT
ELEMENT OF SCANNING SQUARE
BR5B I,J COORD INATCS OF UPPER LEFT
. CORNER OF SCANNING SQUARE
J1 =J

EXTRACT CURRENT ELEMENT.
COUNT NUMBER OF CONTRASTS

BeTweEN PICT (11,J1) anp
NE IGHBOR ING ELEMENTS ABOVE
AND TO LEFT, AND ADD

TO0 COUNTER C

CoNTRAST COUNT

| —
BR5R
1t,Jd ROW AND COLUMN

INDEX FLAGS

NEXT ELEMENT J1 = J1 + 1 FOR CURRENT

TO RIGHT SCANN ING SQUARE
POS I TION

LAST ELEMENT

OF LINET

NEXT ROW OF

FLEMENTS 1M =1 +1 CoNTRA5T COUNT

£ J! N To

ND OF ) |-| = || BRSB

SCANN ING 5QUARE

FIGURE 6-3/Page 7




Figure 6-4

PAX Symbolic Program Listing




PAX PATTERN EXTRACTOR PROGRAM
REQUIRED SUBROUTINES

& BASIC FORTRAN I/0 PKG

* PUT

* TAKE
EMTRY SAROP2

LZERO COMMON 1

¥2 COMMON 1

Wl COMMON 1

L2 COMMON 1

L1 COMMON 1
COMMON 2

VIR COMMON 1

T COMMON 1

S2 COMMON 1

T2 COMMON 1

EXTERN PUT2
EXTERN TAKE2

* MACRO INSTRUCTIONS
* MACROS USED~-EQUL s TEQL s ADST s TAKEM
* PUTN s TNQL s SBST» SETV
TEQL  MACRO  XsYsOUT TEST (X) NOT EQ(Y)
CLA X
SUR Y
TZE ouT
TEQL  END
TNQL  MACRO  XsYsOUT TEST (X) NOT EQ(Y)
CLA X
SUB Y
TNZ ouT
TNOL  END
EQUL  MACRO  YsX SET (Y)=(X)
CLA X
STO Y
FQUL  END
ADST  MACRO  ZsXsY ADD AND STORE
CLA X
ADD Y
STO z
ADST  END
TAKEM MACRO  AZEROsCsIsJ
TSX TAKE2 54
PZE AZERO»?2
PZE C
PZE 1
PZE J
TAKEM END
PUTM  MACRO  AZEROsCsTsJ
TSX PUT2s4
PZE AZEROs 2
PZF C
PZE I
PZE J
PUTM  END
I*
SETV  MACRO AV SET VARIABLE CONNECTOR
CLA v
STA A
SETV  END

Figure 6-4/Page 1



SBST

SBST
*
*

SABOP2

ERROR

ON1

9ON?2

IN3

LTIOC

MACRO
CLA
SuB
STO
END

CLA
ALS
STD
LDQ
MPY
STQ
SXA
CLA
SUB
ADD
STO
SUB
TPL
CLA
SUB
ADD
STO
SUR
TPL
CLA
SUR
TPL
LbQ
MPY
LLS
STQ
CLA
SUR
T™MI
CALL
TRA
Lha
MPY
STQ

ANT

A
CLA
STO
TIX
CLA
sus
XCA
[£DY
X CA
ADD
STO
FQUL
ZQuUL
CALL
TIX
TIX
TIX
TRA
TORT

ZeXeY

X
Y
Z

BEGIN PROGRAM
PATTERN EXTRACTION
WR

18

LIOC

WR

=6

ER

SAVE4 s 4

L2

L1

=1

IMAX

=1001

ERROR

W2

Wl

Y

=21
ERROR
YR
=289
ERROR
S2

Sz

1

A

S2
=31
IN1
PDUMP s T24wW293
les

\.]

=6
JMAX

2051

=0506060606060
OTRUF+20s1
Ke=lelosl

W1

=1
=6

=1

KZ

Te=1
LesLZERD

SUBTRACT AND STORE

SUBROUTINE
SET CONSTANTSHETCe

TEST PARAMETERS

IF PICTURE TOO LONG

IF PICTURE TOO WIDE

IF INPUT BUFFER TOO LONG
COMPUTE NOe OF ADJACENCIES
FOR SCANNING SQUARE

IF BRAND SQ SIZE NOT TOO LARGE
ERROR DUMP OF PARAMETERS

SET OUTPUT BUFFER TO BLANKS

COMPUTE FIRST=ELEMENT NR OF INBUF

RDSBIN READ NEXT TAPE RECORD

09349
LIOCs1sD

TN a1e0

*42
INBUF ¢ 9%

Figure 6-4/Page 2



IN3A

QNG

IN4A
INGR
ONS

IN5A

*
0T1

6MT1
OT1A

0T2

FMT?2
0OT2A
OT2R

OT2BB
0T2R1

0T2C
0oT2D

CAL
CALL
PZFE
CALL
AXT
STz
TIX
TRA
BCI
EQUL
TRA
CAL
CALL
PZE
TRA
BCI
EQUL
TAKEM
ANA
TZE
CLA
TRA
CLA
PUTM
TEQL
ADST
TRA
AXT
LDQ
STR
TIX

LeL1sIN3A
Lels=1

IN3

KeKZ

Je=1
INRUF9sER9=19K
T

=]

INGA

=16

INGR

=0
PICTeJMAX eI oJ
Je JMAXsINSA
Jeds=1
KeKoe=1

IN&G
LeyL29sBRST
Tels=1

Lol s=1
RDSRBRIN

D90 49

LIOCs 10
D91s0

IN3A

OQUTPUT SUBRTNM
=6R17

(STH)
FMT190e=1
(FIL)

1044

RP+10s4
¥=194s1

0T1A

1s (1H1)

Ie=2

0T4

=6B17

(STH)
FMT2+091

0T2A

23 (1H9920A6)
Je=1
PICTyJIMAX I sJ
=020

0T28B8B

=033

0T2RB1

=060

OTBUF sONETWE 9=1 9 J
JeJJMAXs0T2C
Jrde=1

0T 28

201
OTBUF+20s1

OT2Ds1lsl

IF FIRST PICT RECORD REACHED

INPUT PICTURE FROM TAPE INTO PICT AREA

TEST ELEMENT AGAINST THRESHOLD

STORE IN PICT AS BLACK ELEMENT

STORE IN PICT AS WHITE ELEMENT

IF END OF LINE

IF END OF PICT

OUTPUT
SKIP TO NEW PAGE

PRINT LINE OF PICTURE ELEMENTS

ADVANCE PRINTER AFTER PRINT

ELEMENT BIT
IF WHITE
BLACK ELEMENT SYMBOL=DOT

WHITE ELEMENT SYMBOL=BLANK

IF END OF LINE

FEED LINE TO PRINTER

Figure 6-4/Page 3



CALL (FIL)

073 ADST ITels=1 OVERPRINT SYMBOLS FOR
TNQL 19 IMAXsOTS BOUNDARY AND BROKEN=REGION POINTSs
CAL =6B17
CALL (STH)
>ZE FMT44+091
TRA #411
HEAD BCI 691 BP FREQ PCT
6MT4 BCI 4y (6A6//7(111291199118))
AXT 1091
CLA =0
ADD BP+10,1
TIX *=191l9l
*
STO TOTAL
AXT 691
0T3n LDG HEAD+691
STR
TIX OT3As1s1
AXT 1091
0T3R PXD Os1
*
SUBR =10"17
SSP
XCA
STR
LDQ BP+1041
*
LLS 18
STR
LDO RP+10,1
MPY =100
DVP TOTAL
ALS 1
SUR TOTAL
TMI *4+4
XCA
ADD =1
XCA
LLS 18
STF
TIiX 0OT38%s11
CALL (FIL)
L XA SAVEL 9 4
TRA ls4 EXIT
DT CLA =060 SET FIRST AND LAST ELEMENTS
PUTM OTBUF sONETWE s=1 sONE OF LINE TO BLANK
CLA =060
DUTM OTBUF s ONETWE 9=1 s JMAX
FOUL Je=2
OT4A TAKEM PICTesJMAX I oJ
ANA =017 EXTRACT BRKNNESS VALUE BITS
CAS =11
TRA *+1
SUR =
sSuUR =
PAC Deb
XCA

Figure 6-4/Page 4



OTQA.D

OT4AC

0TS

FMT3
0T6
OTé6A

3
*

Q

91
ADFELI
ILAST

IMAX
J

J1
JDOELY
JLAST
JMAX
K

L
5LEM
FR
SAVFE4
W

KZ
ONETWF
ONE

*
BRST

BR1

CLA
ADD
STH
X CA
SUR
TMI
CLA
TRA
ADD
TZ°€
CLA
TRA
CLA
PUTM
cLa
suR
ADD
TZF
ADST
TRA
CAL
CALL
pZE
TRA
RC1I
AXT
LNO
STR
TIX
CALL
TRA

DEC
NEC
DEC
DEC

NFEC
DEC
DEC
DFEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC

SBST
SBST
EQUL
EQUL

RPs&

=1

RP &

T2

OT4AB

=053 AT OR ABOVE T2s ELEM SYMB = $

OT4R

=1

OT4AC

=060 BELOW T2-1s ELEM SYMB = BLANK

0T4R

=061 AT T2-1s ELEM SYMB = SLASH

OTBUF sONETWE s=19J

J

JMAX

=]

0TS IF END OF LINE

Jeds=1

OT4LA

=6B17 FEED LINE TO PRINTERS

(STH) NO PRINTER ADVANCE

FMT390s1

0T6

29 ( 1H+920A6)

2041

OTRUF+204s1

0T6As1ls1l

(FIL)

0T2

TEMP STORAGEs CTRSs ETC

0 PICT (MEMORY PICTURE) LINE INDEX

¢

0

0 I COORD OF LOWER RH SQUARE IN PICT
OROKEN REGION ANALYZER AND DELINEATOR SUBRTN

0 LAST LINE OF PICT

0 PICT COLUMN INDEX

8]

0

0 J COORDINATE OF LOWER RH SQUARE IN PICT
0 LAST COLUMN OF PICT

0 INPUT BUFFER INDEX

0 TAPE RECORD INDEX

0

0 WIDTH OF PICTs IN ELEMENTS

9]

e WIDTH OF PICTs IN WORDS

0 FIRST PICT ELEMENT OF INPUT BUFFER
120

1

ILASTs IMAXsS2 SET LINEs COLUMN INDEX FLAGS
JLASTsIMAX 9S2 FOR SCANNING=SQ OVER WHOLE PICTURE
I14=2 SQ AT TOP OF PICT (EXCLUDING BORDER)
Je=2 SQ AT TOP OF PICT (EXCLUDING BORDER)

Figure 6-4/Page 5




BR2
RR5

2R5R
2RS5C

2R5CA

2R5CR

BR5R

RR7

BR8

BR8A
2R8P

8R8C

2R9

o
K

— << K

ADST
ADST
EQUL
EQUL
FEQUL
TAKEM
STC
ADST
TAKEM
ERA
ANA
TZE
ADST
ADST
TAKEM
ERA
AMNA
TZF
ADST
ADST
TNOL
ADST
TNCL
LDQ
MPY
DVP
XCA
ADD
STO

FQuL
EQUL
TAKEM
STO
AMA
SUR
TPL
cLa
ANA
ADD
PUTH
ADST
TNOL
ADST
TNGL
ADST
cLA
sue
TPL
ADST
cLA
sun
TPL
TRA

DEC
DEC

ITs1sS2
JJsJeS2

Cy=0

11,1

J1lsJ
PICTsJIMAXs11,J1
ELEM
JDELJsJlg==1

PICTsJMAXsI1sJDELJ

ELEM

=020

BR5CR

CsCor=1
IDELTIsIlg==1

PICTsJMAXsIDELI®J1

ELEM

=020

RR5R
CsCo=1
JlsJls=1
J1sJJsRR5C
Il1s11s=1
11+11s72R58
C

=10

I1s1

J1leJ
PICTsJMAXsI1eJ1
ELEM

=017

\

RRAC

FLEM

=060

v

PICTsJ AXsI1sJ1
JleJle=1
JleJJsBRBR
I1sI1s=1
I1+11+RR8A
Jedse=1
JLAST

J

RR?2

Isls=1
TLAST

I

RR1

OoT1

SET ROWs COLUMN INDEX FLAGS
OVER CURRENT sQ

CURRENT ELEMENT

ADJACENCY AND CONTRAST COUNT
LEFT NEIGHBORING ELEMENT

B/W BIT = 1 IF A CONTRAST
IF ALIKE (NO CONTRAST)
ELSE COUNT 1 CONTRAST

UPPER NEIGHBORING ELEMENT

NEXT COL OF sQ

NEXT ROW OF SQUARE

NUMBER OF CONTRASTS WITHIN SQ
NUMBER OF ADJACENCIES WITHIN SQ
V=P+1ls P=INTEGER(B/10)

B = BROKENNESS PERCENTAGE
WITHIN SQs SET EACH

BRKN ELEM VALUE IF LSTH Vs TO V
EXTRACT VALUE BITS

IF NEW ELEM VALUE NOT GRTH OLD

CLEAR DUT OLD VALUE
PUT IN NEW

NEXT COLUMN OF SQ
NEXT ROW OF SQ
MOVE SQ 1 COL RIGHT

IF SQ NCT AT END OF LINE
MOVE SO 1 LINE DOWN

IF SQ NOT AT BOTTOM OF PICTURE
ELSE TO QUTRUT

TEMP STORAGE s CONSTAMTSs ETC

0

a)
v

STORED VALUE OF BRKiN ELEMERT
SQ PROCESSING
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JJ

1

3
TOTAL
SNRUF
OTRUF
2P
PICT

NEC
DEC

o
n m
DN

D .3 W02

EAOGRORGEG
T 0nmnnv

n

0

0

,")

RUFFFRSs WORK AREAS
288

120

12

20000

FLAGS
ADJACENCY CTR
B/W CONTRAST CTR

Figure 6-4/Page 7



PART VII

PAX Applications: Pattern Structure Extraction

from Meteorological Pictures

ABSTRACT

This Part describes the application of the PAX program to
TIROS VI pictures illustrating various meteorological pattern types.
Critical input parameters are examined and optimum values deter-
mined for PAX processing of a representative set of patterns. The
pattern extraction capabilities of PAX are discussed, and the relation-
ship between pattern structure and the brokenness statistic is

examined.



7.1 Introduction

The two principal input parameters to the PAX program are
investigated in detail in Part VII, The first of these is the brokenness
value threshold (T2); elements whose brokenness value lies at or above
this threshold make up the extracted pattern, indicated by the over-
printed "$" characters. The second parameter is the scanning square
size (S2) upon which computations of brokenness value directly depend.

On the basis of these investigations optimal values for S2 and
T2 were selected as inputs to PAX in processing a set of pictures
exhibiting the three meteorological pattern types analyzed with pro-
grams S3-4 and SB-3: vortices, bands, and cells, The resulting
pictorial outputs provide a basis for a criti‘cal evaluation of the capa-
bility of PAX to extract a meteorological pattern structure from a
digital picture. PAX-processed pictures are then evaluated as input
to a next-generation pattern recognizer programs.

Finally, variations in the brokenness value distribution are
related to variations of patterns within a single pattern group, and
between the three pattern groups. The efficacy of the PAX broken-

ness statistic as a pattern discriminator is considered.

7.2 Investigation of the Brokenness Threshold

The objective of this investigation is to determine the bro-
kenness threshold value (TZ2) which most effectively brings out the
structure of a meteorclogical pattern. Too low a value will permit
too many picture elements to be included in the extracted structure,
resuiting in lines which are too thick or "clumsy" to bring out struc-

tural detai;. Raising the threshold will cause a thinning of these lines.




Too high a value produces gaps in the structure which become larger
as the threshold increases,

The investigation was conducted by processing picture P4, a
vortex, at four threshold levels: 2, 3, 5, and 6. The scanning square
size (S2) was held constant at 2 {the next section presents evidence to
support this choice of level). The cloud/noncloud threshold (T) was
held constant at 24, on the basis of previous investigations (ref. Part III).
The PAX pictorial outputs are shown in Figure 7-1,

At the two lower levels {T2=2 and 3) the edges of the vortical
pattern and the curving band at the right of the picture are strikingly
highlighted., The broken area at the left of the vortical cloud center
is outlined by a pattern of curved lines and smaller solid areas,
Though the results for the two levels are generally similar, a closer
examination shows thinner and more distinct, yet connected, lines
at the level T2=3,

The two upper levels (T2=5 and 6) both produce highly
disconnected lines and isolated patches of overprint which fail to
convey the pattern structure., The band edge in the upper right corner
is not marked in either picture., It is interesting to note the striking
difference between the pictorial outputs at the two middle levels1 as
contrasted with the difference between the two lower and two higher
levels.

On the basis of these observations it is evident that T2=3 is
the optimal threshold level. In section 7,3 it is employed for PAX

processing of other examples of a vortex and for cell and band structures.

1. With S2=2 no value T2=4 is possible (ref. Sec.3.4), and
so the values 3 and 5 are adjacent on the brokenness scale,



T

P T

Figure 7-1
PAX Pictorial Qutput for Brokenness Threshold Variation

7-3.1




7.3 Investigation of Scanning Square Size

Logical considerations governing the choice of PAX scanning
square size are analogous to those governing the choice of BRAND
scanning square size (Sec. 3.4), except that in this case the criterion
for selection is the sharpness and précision of the extracted pattern
structure rather than the ability to reproduce the best approximation
to a continuous neighborhood about a picture element. For SB-2
and SB-3 analysis the value below this, S2=2,was selected; also the
value S2=3 itself and one value above it, S2=5. Pictorial output from
P4 (exhibiting a vortex) for these three levels is shown in Figure 7-2.
The fixed parameter values were a brokenness-value threshold (T2)
of 3 and a cloud/noncloud threshold (T) of 24,

In Section 3.4 the effect on the brokenness statistic of
increasing the BRAND square size has been mentioned: as square size
increases an averaging process operates with increasing effect to
"smooth out™ local variations in the statistic, This effect is clearly
demonstrated in Figure 7-2. At level S2=2 the pattern structure
lines are clear anddistinct. At level S2=3 they become wider and
“fuzzier" with a few small gaps appearing. At level S2=5 many lines
have merged into areas and wide gaps have appeared; yet the general
outline of the pattern is still discernible. Examining the pictures in
order of increasing S2 level gives the viewer an impression of pro-
gressively "myopic™ images. On the basis of the criteria discussed
above, S2=2 is evidently the optimum level (again cf. the selection
of S2=3 for programs SB-2 and SB~3}.

Variation in the brokenness value percentage distribution
over the three levels is of some interest; the three graphs are shown

in Figure 7-3. The general form of the distribution is the same for



S2=5

Figure 7-2

PAX Pictorial Output for Scanning Square Size Variation

7-4,1
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all levels: bimodal with the (significantly) larger mode at brokenness
value 0 and the smaller mode at 2 or 3. The effects of increasing the
square size are (1) to reduce the larger mode and (2) to shift the rest
of the distribution to the left. Both effects are clearly discernible

in the graphs. As the square size increases the "averaging effect"
is seen to compress the range of observed values leftward from the

high values, and at the same time rightward from the zero value.

7.4 Application to Meteorological Pattern Processing

Investigations described in Sections 7.2 and 7.3 have estab-
lished optimum values of 2 and 3 for the scanning square size and
brokenness-value threshold. These values and the cloud/noncloud
threshold value of 24 were input as fixed parameters for PAX
processing of a set of nine pictures representing the three meteoro-
logical pattern types {vortex, band structure, cell structure) analyzed
also by programs SB-2 and SB-3 (Parts III, V). These pictures are

grouped as follows:

Pattern Pictures

Vortex P4, P51, P26
Band Structure P8, P12, P4l
Cell Structure P2, P10, P49

The pictorial output is shown in Figure 7-4.

The PAX program has extracted the structure of the vorti-
cal patterns with striking success, In P4 the boundary of the vorti-
cal cloud area in the lower central area of the picture and the band
curving along the right side of the picture are both clearly traced.
Less noticeable, but also distinct, is a grouping of marked cells
describing a curve starting from the upper left corner and descending

in a concave line downward and to the right. Examination of the




Figure 7-4

P AX Pictorial Output for Meteorological Pattern Processing
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photographic representation of P4 (Figure 3-1) shows that this
corresponds to a thin light curve which, despite its non-distinctness,
contributes very significantly to the vortical character of the pattern.
The basic structure of the vortex is thus not only clearly extracted,
but enhanced, in the PAX output.

In P26 this is also true: the vortical whorl in the upper
right center area of the picture shows more clearly in the PAX
output than in the photograph. Also clearly traced is the curving
line outlining the left edge of the vortical pattern. The broken
region of which this curve is the right edge is marked almost in its
entirety by the PAX overprint, The vortical spiral, culminating
in a radiating spur normal to the spiral's direction, is clearly bor-
dered in the PAX output. The larger cloud cells appearing to the
left of and above the whorl are outlined by overprinting.

The band structures of P8, P12 and P41 are all clearly
brought out by the program, enhancement being most evident in P8,
In the three pictures the PAX overprint depicts the parallel linear
structure of the pattern, essentially straight in P8 and P12, and
slightly curved in P41. Each picture contains one or more non-
cloud bands of sufficient width to be bordered on both sides by over-
printing, »

In the cell-structure group large cloud cells appear w1th
an overprinted border; smaller cells, as solid regions of overprint,
Cell outlines are in general easier to perceive in the PAX output
than in the photograph for either cloud cells on a noncloud background
(P8 and P12) or the reverse (P41, upper haif of picture).

The fact that patterns are easier to see in the PAX repre-

sentation than in a photograph is significant in itself; but more

7-6



significant is the fact that this improvement in "perceivability” is much
greater as far as the computer is concerned, The elements of the
photographic representation arc presented to the machine over a range
of sixty-four gray levels, After PAX processing, the picture image
has been transformed so that the overprinted areas representing the
pattern structure are distinguishable, logically, from the rest of the
picture--where this was not true before., In this sense the computer
can "“see"™ the pattern whereas before it could not. The conclusion of
this discussion is that the patterns identified in the PAX-processed
picture are now susceptible to recognition analysis by the computer;
that is, the next step is to distinguish between patterns and/or identify
them directly by data processing and possibly in future by special-
purpose hardware, |

It is of some interest to investigate the relationship between
the brokenness value distribution and meteorological pattern type.
The brokenness value percentage distributions for the nine PAX
pictorial outputs under discussion are plotted by pattern group in
Figure 7-5, 2

All distributions have the characteristic shape encountered
previously: a peak mode at brokenness value 0 and a second peak at
value 3, Some differences, however, may be noticed in the percentage
of brokenness values ec¢ual to zero, For all three of the vortex outputs
(P4, P51, P26), this percentage exceeds 55. This is true for only
one of the band structure outputs (P41) and two of the cell structure

outputs (P2 and P10), This difference is apparently due simply to

2. No brokenness value of 4 appears on the horizontal scale
because the size of the scanning square is 2 (ref, note 1 above).
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the greater proportion of solid area which is unmarked by PAX, as an
inspection of the outputs of Figure 7-4 shows. The three pictures
with a zero-value-percentage below 55 (P8, P12, and P49) are all
more heavily overprinted than the others. Thus, though the zero-
value-percentage may in some sense give an indication of the "com.
plexity" of a pattern, the sample results indicate that it is of limited

value as a pattern discriminator.




PART VIII

Utility Programs for Meteorological Picture Processing

ABSTRACT

This Part describes utility programs and subroutines for
use in conjunction with the major programs presented in the pre-
ceding parts of this report and for extending analysis to properties
of cloud pictures beyond those treated thus far. These include
executive or "driver" programs for SB-2 and PAX, a matrix print-
out subroutine, a gradient magnitude subroutine, a picture print-

out subroutine, and a frequency count subroutine,



8.1 Driver Programs for SB-2 and PAX

The driver programs for the SB-2 and PAX programs are
designed to supply parameters and data to the main program with a
minimum of user effort. Use of these driver programs enables the
user to assemble the main program in binary card format and call
itas a subroutine.‘

The standard drivers for these programs accept any num-

ber of sets of the 'pa.ra.mete rs defining the location of a picture on
the input tape, and one set of all other parameters, This permits the
processing of any number of pictures given one cloud/noncloud
threshold and one BRAND square size for PAX (see Part VI) and
also with one SORD square size and one set of noise values for
SB-2 (see Part II).

For each of the above programs there are two other driver
programs, one permitting the varying of the threshold, and one

permitting the varying of the square sizes and noise values. Each

of these does this by an outer loop which executes the program for
the selected set of pictures combined with each set of parameters
input successively,
Symbolic listings of these drivers are presented in Figure 8-1:
the standard driver, variable square size driver, and variable thresh-

old driver for SB-2, followed by the analogous drivers for PAX,

8.2 Matrix Printout Subroutine: MXDUMP

The MXDUMP subroutine is used to print out matrices
which are stored in computer memory in the same format as the
pictures for input to the programs presented in this report. A

call of MXDUMP will result in a printout in an ordered matrix

8-2




Figure 8-1

Driver Program Symbolic Listings




FAP

'STANDARD DRIVER FOR S8=2

* PARAMETER STORAGE
* PARAMETERS MUST RE INPUT TCO COMMON STORAGE
* __PRIOR TO EMNTRY
L75RD COMMON 1 MASTER LINE COUNTER
w2 COMMON 1 , ~ LAST WORD OF TAPE PICTURE LINE
b cCoMMONT 1 FIRST WORD OF TAPE PICTURE LINE
L2 COMMON 1 LAST TAPE PICTURE LINE
1 COMMON 1 FIRST TAPE PICTURE LINE
nAa COMMON 1 MINe BLACK ELEMENTS/SQUAREs BLACK REGION
P COMMON 1 TMAX. BLACK ELEMENTS/SQUAREs WHITE REGION
WR COMMON 1 B WORDS PER TAPE RECORD
T coMmMonT 1 THRESHOLD
§2 COMMON 1 SQUARE SIZE = BRAND
S COMMON 1 SQUARE SIZE -~ SORD
R2DRY  AXT 691 L 001
MOVE ~ CLA ~  DATA+6s1 002
____sTO S+6s1  S59TsWsBBsBW 003
CTIX MOVFEs1lsl 004
AXC DATA+6s1 INITIALIZE CURRENT LINE OF 005
SXA CURLINs1 DATA TABLE 006
CLA =1 INITIALIZE MASTER LINE CTR 006/1
) LZERO B o o 006/2
CLA ory! 006/3
8§70 L1 006/4
TRA PARAMS 006/5
COOP CXA CURCIN, I TOAD PICTURE DIMENSION 007
CLA 091 PARAMS I=TH PICT L1l L2 Wl W2 008
T TTTINZTTT TTTTPROC TEST LAST PICTURE 009 i
CAL =9R817 FINAL TAPE REWIND 009/1
T T AL T TTTIRWTY 00972
CALL EXIT YES 010
PROC STO TT NO 011
CLA =331 LAST LINE PREVIOUS PICTURE 011/02
TTTTTTTTSUR TOYI FIRST LINEs CTURRENT PITTURE 011704
T™MI NOREW IF CURRENT PICT LATER ON TAPE 011706
REW TLEA =1 ELSE INITTALTZE MLCT 011710
STO LZERO TO FIRST TAPE RECORD 0l11/12
CAL =B 17 AND KEWIND TAFE Qll/7 14
CALL (RWT) 0l11/16
TRA PARAMS 0I171I8
NOREW CLA -391 LAST LINE PREV PICT 011/20
ADD =] INTTTACTZE MLT TO 011722
STO LZERO NEXT TAPE RECORD 0l11/24
PERAMS CLA Tyl 012
STO L2 013
- CCA 2y 1 014
STO w1 015
CLA 391 016
STO w2 017
TX1 ¥ETy 1 9=4 018
SXA CURLINs1 019
TALC SABOP?Z PROCESS I=TH PICTURE 020
TRA LOOP TO NEXT PICTURE 021
CURLIN DEC 0 =~ {ADDR CURR CINE DATA TBLY 022
DATA DFC 8
DEC 3 SQUARE STZE = BRAND 025/71
DFC 24 THRESHOLD 024
DEC 39 NOWs WDS PER TAPE RECORD 025
Figure 8-1/Page 1



DEC 5
DEC 59
DEC 174
DEC 1013
DEC 1
DEC 20
DEC 774
DEC 1013
DEC 20
DEC 39
DEC 0
END

Figure 8-1/Page 2



=AD

VARTARLE THRFSHOLDN DRIVFR FOR

SBR=)

* SR2N-T SR=2 NDRIVFR TO RUM A SET NF
g TTTTTTTTBICTURES WITH VARTARLE THRESHOLD
* DARAMFTER STORAGE
* PARAMETERS MUST 8F INPUT TO COMAGH STORAGE -
* PRIOR TO FNTRY
LZFERA  coMmon 1 T MASTER LINFE COUMTER -
42 cCoMMon Y LAST WORD OF TAPE PICTURE LINE
Rt} FOFENTTT FIRST WORD OF TEPE PICTURE CINE
1.2 COAMMON 1 LAST TAPE PICTURE LINF
1.1 COMMONM ] TTFTRST TAPE PICTURE LINE . T
pe COvMON 1 MINe RLACK ELEMENTS/SQUARESs RLACK REGION
AN COMMON 1 TVAAX . BUACK ELEMENTS/SOUAREs WHITE REGION
R COMMON 1 WORDS PER TAPE RECORD
TTTTTUTTTEAMON 1 THRESHOLD
57 COoOMMON 1 SQUARE SIZE - SRAND
S covMonN 1 SQUARE SIZE - SORD ) T
TSTART CLA =1 000/01
STO TTLIN FIRST LINE OF THRESHCLD TBL 000/02
TLOND  LAC TTLINs1 000/03
R ol Y\ TTRLs 1 CURRENT THRESHOLD 00C/04
TN7 T 000/C5
CALL FXIT T 000/06
T1 STO DATA+2 SET THRESHOLD 000/07
TXT #4+1919-1 NEXT LINE OF TTBL 000/08
SCA TTLINs1 000/09
SRR AXT 691 001
MOVE CLA DATA+6s1 002
S5TO S+, 1 7 T T S TeyWeBBYBW ) 003
TIX MOVEs1ls1l 004
COAXE T T UBDATA+Es 1 TINTTTALIZE CURRENT LINE OF o005
SXA CURLINs1 DATA TABLE 006
CCA =1 TNITYACTIZE WMASTER LIRNE CTR 00671
STO LZERO 006/2
CLA 7 Nyl I D 00673
STO L1 006/4
CUTRA T PARARS LT T T - o i o "006/5°
LOOP LXA CURLINs1 LOAD PICTURE DIMENSION 007
CCA Ty 1 PAREMS I=TH PICT LI CZ WI W2 008
TNZ PROC TEST LAST PICTURE 009
TUUTTTTTAL T UTEYRIT o T FINAL TAPE REWIND —~~ ~ 7~ R 0 [0 10V 4 N
CALL (RWT) 009/2
Tt TRAS T T TLOOP T T T U TYES T T T T o107 T
PROC STO L1 NO 0l1
CLA =351 TAST CINE PREVIOUS PICTURE 011702
SUR Os1 FIRST LINEs CURRENT PICTURE 011/04
T T UIMTTT U UNOREW T T T IF CURRENT PICT LATER ON TAPE T011706
RF W CLA =1 ELSE INITIALIZE MLC 0l1/10
CTTTTTTTETO T UZERD TO FIRST TAPE RECORD R o b i VA
CAL =9R17 AND REWIND TAPE 0ll1/14
CATC TRWTY 0I1716
TRA PARAMS 011718
TNORFW ™ CUA T T=3,1 CAST LINE PREV PICT - TTO11720
ADD =1 INITIALIZE MLC TO 011/22
T USTOT T LZERU T NEXT TAPE RECORD T T 11726
PARAMS CLA 1s1 0l2
ST7Y C? U013
CLA 291 0l4
TTTTTUTURTD W1 . -
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CURLTM

C LA

STN
TXI
SHN
CALL
TRA

bFC

2s1

0l6

P

g1yl o=t
CURLIN1
SAROP?
LOOP

s}

PROCESS
O MEXT
- (ADDR

[=TH PICTURE

PICTURE

CURRENT LINE,

017
018

019
020
021
021/9

DATA T8L)

TTTLIN
TTRL

NEC
DEC

0
N

STARTS HERFE

CURRENT

TABLE OF THRESHOLDS

LINE OF TTRL

02171
02172

END T

REC 24 L
NFEC " END=QF-TARLE SENTINEL T
DATA DFC 20 __ _SQUARE SIZE = SORD 023
NEC 2 SQUARE SIZE = BRAND 02371
NEC 24 THRESHOLD 024
NEC 39 NOe WDS PER TAPE RECORD 025
NEC 72 MAX RLACK ELEM/SQs WHITE REGION 026
DEC R28 MIN RLACK ELFEIX/SQs BLACK REGICN 027
. nec 774
NEC 1713
nec 1
NEC on - - T
NEC 774
NEC 1013 - o B o T
NEC 2N
- NEC 39
NEC A
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2 cADR
® VARTASLE SOQUARE SIZE AMD NOISE VALUE DRIVER FOR sB=2 T T
* SR2N=5 sa=2 DRIVER PROGRAM FOR VARIARLE SQ SIZE AND NOISE VALUES
T TTTTTUUTTOARPAYETER STORAGE
* DARAMETERS MUST RE TNPUT TO COMMON STORAGE
LA DDI()D TQ FMTDY ' T T I e s e N
LZFEPN  CoMynn MASTFR LIME COUNTER
) comMron 1 T LAST WORD OF TAPE PICTURE LINE o
1 coMrMen 1 FIRST WORD OF TAPE PICTURE LINE
- e N Xl o L A TAST TAPE PICITURE LINE
L1 cCOMMON 1 FIRST TAPE PICTURE LINE
PP COMMON 1 TTHMING BLACK FLEMENTS/SQUARESs BULACK REGION 7
n b COMMON 1 [MAXe BLACK ELEMENTS/SQUAKEs WHITE REGICN
IR COMMON 1 CUUUTROREDS T PER T TAPE RECORD T T
T comMvon 1 THRESHOLD
52 COMMONT 1 SQUARE GIZE - BRAND
S COVMON SQUARE SIZE - SORD o
cLa =1 o T e e 7000703
STH STLIN 000704
sLenP LAC CSTLINGY o - 000/C5
cLA STalsl 000/06
T TTNT <1 000/07
CALL EXIT 000/08
S1 STO DATA - SET S 000709
CLA STRL+1s1 000/10
STO DATA+1 - SET  s2 T ) 000/11
CLA STRL+2s1 000/12
STH DATA+4 SET BRW 000/13
CLA STRL+3,1 000/1¢4
- S5TO T PNATA+S . SET RR T " 7000715
TXT *¥+191l9=4 000/16
SCA TSTLINSL B T T . 000/17
RODRYV  AXT 691 001
TOVE CLA DATA+6s 1 002
STO S+691 SeTesWesBRBsBW 003
] TIX  MOVEsTIs1 7 T T T e e T T 004
AXC DATA+651 INITIALIZE CURRENT LINE OF 005
S U BXATTTTTCURLINSI T T UDATA TABLE S T T o/ode
CLA =1 INITIALIZE MASTER LINE CTR 006/1
STO CTZFRO 00672
cLA Nyl 006/53
i o R I T T T T 00674
TRA PARAMS 00675
CTDOP U LXA T CURLIN,1 7 7 T T LOAD PICTURE DIMENSTON 0 oo Jr AN
CLA Ns1 PARAMS I=TH PICT L1 L2 Wl W2 008
TNZ PROC TEST LAST PICTURE 009
CAL =9R17 FINAL TAPE REWIND 009/1
TUUTTTTTTALL T (RWTY O T T 00972
TRA SLOOP YES 0l0
- oROC - STO g e NG — L . R
CLA -3s1 LAST LINE PREVIOUS PICTURE 011702
SUR s 1 FIRST CINEs CURRENT PICTURE 011704
™I NORE W IF CURRENT PICT LATER ON TAPE 011/06
CRFWTT TCUA T =1 CoTT T T T TTELSE INTTTALTZE MLC - 01I1/10
STO LZERO TO FIRST TAPE RECORD 011/12
CAL =9RI7 AND REWIND TAPE - 011714
CALL (RWT) 0l1/16
TRA PARAMS OII/1I8
NOREW CLA =351 LAST LINE PREV PICT 011/20
—— ADD =1 INTTTACIZE MLCT TO 011722
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o STO LZERO NEXT TAPE RECORD 011/24
DARAME CLA Ts1 012
ST L2 013 .
cLAa YER! a1¢4
STN B a 015
CLA 291 clé6
STO W N 017
TXT ¥+19le=4 018
JSXA L CURLINSY 019
CALL SARNP? PROCESS 1=TH PICTURE 020
. TRA LoNS e TO NEXT PICTURE . o 021
CURLIN DEC 0 - (ADDR CURRENT LINEs DATA T8L)Y 702170
_STLIN  9DFC n CURRENT LINEs STRL 021/1
STRLL  DFC n TRL OF SQ SIZESs NOISF VALUES 021/3
* TABLE STARTS HERE  5s529BWsBR IN SUCCESSIVE SETS e
NEC 5
e 3 ) o )
NEC 2
NFC 23
NEC 5
nEFC 8 - o e - o
NEC 2
NEC 23 - o o S
DFC 15
NEC 3
nec 18
nNEC 277
NEC N END-OF=TABLE SENTINEL B
NATA NFEC 5 SQUARE SIZE = SORD 023
' NEC 5 T SQUARE SIZE = 8RAND 02371
NEC 24 THRESHOLD 024
NEC 39 NOe WDS PER TAPE RECORD 025
NEC ? MAX BLACK ELEM/SQs WHITE REGICN 026
nDEC 23 T T T MIN BLACK ELEM/SQs BLACK REGION — 7 @27
DEC 774 L o
TTTUDhEC 1813 T
nNEC 2
DEC 21
B NEC 774 L
DEC 1713
DFEC 19
NEC 38
NEC 0
END

Figure 8-1/Page 6



FAP

STANDARD DRIVER FOR
FOR PICTURES WITH VARIABLE SQUARE SIZES

K k| ok k| ok

PARAMETER STORAGE

PARAMETERS MUST BE INPUT TO COMMON STORAGE

X

PRIOR TO ENTRY

LZERO COMMON 1 MASTER LINE COUNTER
W2 COMMON 1 LAST WORD OF TAPE PICTURE LINE.
w1l COMMON 1 FIRST WORD OF TAPE PICTURE LINE
L2 COMMON 1 LAST TAPE PICTURE LINE
L1 COMMON 1 FIRST TAPE PICTURE LINE
COMMON 2
WR COMMON 1 WORDS PER TAPE RECORD
T COMMON 1 THRESHOLD==BRIGHTNESS
52 COMMON 1 SQUARE SIZE = BRAND
T2 COMMON 1 THRESHOLD==BROKENNESS
B2DPRV  AXT 691 . 001
MOVE CLA DATA+6s1 002
STO T2+691 LOAD T2sT oW 003
TIX MOVEs1ls1l 004
AXC DATA+6s1 INITIALIZE CURRENT LINE OF 005
SXA CURLINs1 DATA TABLE 006
CLA =1 INITIALIZE MASTER LINE CTR 006/1
STO LZERO 006/2
CLA 0y1 006/3
ST0 L1 006/4
TRA PARAMS 006/5
LOOP LXA CURLTINs1 LOAD PICTURE DIMENSION 007
CLA Nyl PARAMS 1-TH PICT Ll L2 wl w2 008
TNZ PROC TEST LAST PICTURE 009
CAL =9R17 FINAL TAPE REWIND 009/1
~ CALL (RWT) 009/2
CALL EXIT 000/06
PROC STO L1 NO 011
CLA ~341 LAST LINE PREVIOUS PICTURE 011702
I sUB 0s1 FIRST LINEs CURRENT PICTURE 011/04
TMI NOREW IF CURRENT PICT LATER ON TAPE 011/06
TREFW T CLA =1 FLSE INITTALIZE MLC 011710
STO LZERO TO FIRST TAPE RECORD 011712
CAL =9B17 AND REWIND TAPE 011/14
CALL (RWT) 011/16
B " TRA PARAMS 0l1/18
NOREW CLA -351 LAST LINE PREV PICT 0l1/20
- CADD T =T INTTTALTZE MLC T0O 011722
i STO LZERO NEXT TAPE RECORD 011/24
PARAMS CLA Ty 1 012
STO L2 013
T TTTCLATT 291 0ls
STO W1 015
T CLA 7T 016
STO W2 017
TXI #*4+19]19=4 018
SXA CURLINs1 019
T U TCALL T SABOP? PROCESS I-TH PICTURE 020
TRA LOOP TO NEXT PICTURE 021
“CURLTIN DEC 0 —"TADDR CURRENT LINEs DATA TBL) T021/0
STBL DEC 0 TBL OF SQUARE SIZES
% STARTS HERE
NFC 5
TUpDECT o END<=OF=TABLE SENTINETL B

Figure 8-1/Page 7



DATA DEC 3 THRESHOLD==BROKENNESS

DEC o) SQUARE SIZE~=PAX (52)
_____DPEC 24 THRESHOLD==BRIGHTNESS
DEC 139 NOe WDS PER TAPE RECORD 025
____DFC 2 :
DEC O
* TBL OF PICTURE DIMENSIONS LlsL2swW1lew2 IN EACH SET
DEC 774
DFC 1013
e 5
DEC 29
CDECTT T 774
NEC 1013
DEC 20
~_ DEC 39
DEC o)
END

Figure 8-1/Page 8
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FAD

* VARTIAPLF THRESHOLD DRIVER FOR PAX
* PAD-T DRIVER FOR PAX PATTERN EXTRACTOR PROGRAM
¥ FOR PICTURES WITH VARTABLE THRESHOLDS
* PARAMETER STORAGE
3* “"PARAMETERS MUST B3E INPUT TO COMMON STORAGE
* ____PRIOR TO ENTRY
LZERO  COMMON 1 MASTER LINE COUNTER
W COMMON 1 LAST WORD OF TAPE PICTURE LINE
W COMMON 1 FIRST WORD OF TAPE PICTURE LINE
L2 COMMON 1 LAST TAPE PICTURE LINE
L1 COMMON 1 FIRST TAPE PICTURE LINE
COMMON 2
"wWR T COMMON 1 WORDS PER TAPE RECORD
T COMMON 1 THRESHOLD==BRIGHTNESS
52 COMMON 1 SQUARE SIZE = BRAND
T2  COMMON 1 THRESHOLD==BROKENNESS
TSTART CLA =1 000/01"
_ _sTO TTLIN FIRST LINE OF THRESHOLD TBL 000/02
TLOOP LAC TTLINy1 000/03
CLA TTBLs1 CURRENT THRESHOLD 000/04
TNZ T1 000705
B CALL EXIT 000/06
T1 STO DATA+2 SET THRESHOLDS 000/07
CLA TTRL+1s1 000/08
STO DATA 000709
TXI ¥41919=2 NEXT LINES OF TTBL 000/10
SCA TTLINs1 000/11
R2DRV  AXT 6s1 001
MOVE CLA DATA+691 002
STO T2+691 LOAD T2sTeW 003
TIX MOVFs1s1 004
AXC DATA+691 INITIALIZE CURRENT LINE OF. 005
SXA CURLIN,1 DATA TABLE 006
CLA =1 INITIALIZE MASTER LINE CTR 006/1
STO LZERO 006/2
CLA 091 006/3
T STO L1 00674
TRA PARAMS 006/5
LOOP LXA CURLIN»1 LOAD PICTURE DIMENSION 007
CLA Os1 PARAMS I=TH PICT Ll L2 wl w2 008
- TNZ PROC TEST LAST PICTURE 009
CAL =9B17 FINAL TAPE REWIND 009/1
CALL (RWT) 009/2
TRA TLOOP YES 010
PROC STO L1 NO 0l1
CLA =31 LAST LINE PREVIOUS PICTURE 011702
SUB Os1 FIRST LINEs CURRENT PICTURE 011/04
T™MI NOREW IF CURRENT PICT LATER ON TAPE 011/06
REW CCA =1 ELSE INITIALTZE MLC 011710
STO LZERO TO FIRST TAPE RECORD 011712
CAL =9B17 AND REWIND TAPE 011714
CALL (RWT) 011/16
TRA PARAMS 011/18
NOREW CLA =351 LAST LINE PREV PICT 011720
ADD =1 INITIALIZE MLC TO 011722
STO LZERO NEXT TAPE RECORD 0l11/24
PARAMS CLA Ty1 012
STO L2 013
CLA 291 014

Figure 8-1/Page 9




STO w1 015
CLA 3y1 016
~___ _sT0 W2 017
TX1 H*+191le~4 018
o SXA CURLIN»1 019
CALL SABOP?2 PROCESS I=TH PICTURE 020
TRA LOOP TO NEXT PICTURE 021
CURLTN DFEC 0 = (ADDR CURRENT LINEy DATA TBL) 02170
TTLIN DEC 0 CURRENT LINE OF TTBL 021/1
- TTTBL DEC 0 TBL OF THRESHOLDS Te12 IN EACH SET B
* STARTS HERE
DEC 24
DEC 3
DEC 0 END=OF=TABLE SENTINEL
DATA DEC 0 THRESHOLD=-=BROKENNESS
DFC 5 SQUARE SIZE==PAX
DEC 0 THRESHOLD==BRIGHTNESS
DEC 39 NOes WDS PER TAPE RECORD 025
DEC 0
DFC 0
* TBL OF PICTURE DIMENSIONS LlsL2sWlsw2 IN EACH SET
7 U DEC 774
DEC 1013
- DEC 20
DEC 39
DEC 0
END

Figure 8-1/Page 10



FAP

VARIABLE SQUARE SIZE DRIVER FOR PAX

PAD-S DRIVER FOR PAX PATTERN EXTRACTOR PROGRAM

FOR PICTURES WITH VARIABLE SQUARE SIZES
PARAMETER STORAGE

k| %k k| %k Xk X

PARAMETERS MUST BE INPUT TO COMMON STORAGE

* PRIOR TO ENTRY
LZERO COMMON 1 MASTER LINE COUNTER
W2 COMMON 1 LAST WORD OF TAPE PICTURE LINE
W1 COMMON 1 FIRST WORD OF TAPE PICTURE LINE
L2 COMMON 1 LAST TAPE PICTURE LINE
L1 COMMON 1 FIRST TAPE PICTURE LINE
COMMON 2
WR COMMON 1 WORDS PER TAPE RECORD
T COMMON 1 THRESHOLD==BRIGHTNESS
S2 COMMON 1 SQUARE SIZE = BRAND
T2 COMMON 1 THRESHOLD==BROKENNESS
TSTART CLA =] 000/01
STO TTLIN FIRST LINE OF THRESHOLD TBL 000702
TLOOP LAC TTLIN,1 000/03
CLA STBLs1 CURRENT SQUARE SIZE 000704
TNZ T1 000/05
CALL EXIT 000/06
T1 sTo DATA+1 SET SQUARE SIZE 000/07
TXI ¥+191s-1 NEXT LINE OF STBL 000710
SCA TTLINy I 000/11
R2DRV AXT 691 001
MOVE  CLA DATA+691 002
__sTO T2+691 LOAD T29sTeW 003
TIX MOVE 191 004
AXC DATA+6s1 INITIALIZE CURRENT LINE OF 005
SXA CURLIN, 1 DATA TABLE 006
CLA =1 INITIALIZE MASTER LINE CTR 006/1
STO LZERO 006/2
CLA 01 006/3
375 - R e T
TRA PARAMS 006/5
“TCOOP 7 LXA CURLCINs I COAD PICTURE DIMENZSTON ™ I o T Iy AR
CLA 091 PARAMS 1=TH PICT Ll L2 Wl W2 008
TNZ PROC TEST LAST PICTURE 009
CAL =9R17 FINAL TAPE REWIND 009/1
CALL (RWT) . T T TTTTTP097/7
TRA TLOOP YES 010
TPROC  STO L1 NO - e 011 )
CLA -3,1 LAST LINE PREVIOUS PICTURE 011/02
SUB Os1 FIRST LINEs CURRENT PICTURE 011/04
T™MI NOREW IF CURRENT PICT LATER ON TAPE 011706
TREW CCA =1 ECSE INITIACIZE MLC 7 011710
STO LZERO TO FIRST TAPE RECORD 0l1/12
CAL =9BI7 “AND REWIND TAPE ~~ 7 . TTToIi/NNG
CALL (RWT) 0l11/16
TRA PARAMS 0I1/1¢
 NOREW CLA -3,1 LAST LINE PREV PICT 011/20
ADD =1 INTTIALIZE MLC TO 7 011722
I STO LZERO NEXT TAPE RECORD 0l11/24
PARAMS CLA 11 - et hh g
STO L? bl 013
CLCA 731 X 01%
STO w1 5 015
CLA 391 ; T T e Bk - R
STO W2 017




TXI #4191l 9=4 018

SXA CURLTINS1 019
CALL SABOP?2 PROCESS I=TH PICTURE 020
TRA LooP TO NEXT PICTURE 021
CURLIN DEC 0 - (ADDR CURRENT LINEs DATA TBL) 021/0
TTLIN DEC 0 CURRENT LINE OF STBL 021/1
STBL DEC 0 TBL OF SQUARE SIZES
¥ STARTS HERE o
DEC 5
DEC 0 END-OF=TABLE SENTINEL
DATA DEC 3 THRESHOLD==~BROKENNESS
DEC 0 SQUARE STZE==PAX (32)
DEC 24 THRESHOLD==BRIGHTNESS
DEC 39 NOe WDS PER TAPE RECORD 025
DEC 0
DEC 0
* TBL OF PICTURE DIMENSIONS LlsL2sWlswW2 IN EACH SET
DEC 774
DEC 1013
DEC 1
DEC 20
NEC 774
DEC 1013
"""" DEC 20
DEC 39
DEC p) -
FND
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format of the decimal representation of the elements of any matrix
stored as follows:

1) The six-bit elements of the matrix are stored six to a
computer word, left to right representatively; i.e., the leftmost six
bits of the computer word represent the leftmost element of the six
elements stored in the word, followed in order by the next five ele-
ments to its left on the same line of the matrix.

2) The word containing the element in the upper left corner
of the matrix is stored at the core location defined as ORIGIN.

3) The width of the matrix in words (one-sixth of the
number of elements per line of the matrix) is defined as MXWDTH.
The first line of the matrix is stored in MXWDTH words beginning
at ORIGIN and occupying progressively higher core positions. The
second line of the matrix is stored similarly beginning at ORIGIN +
MXWDTH, ..., the ith line at ORIGIN + (i-1) MXWDTH, ..., and
so forth, -

Any part of the matrix may be printed out, MXDUMP is
called by the .following calling sequence:

CAL IL(N)

CALL MXDUMP, ORIGIN, MXWDTH, L1, L2, Wl, w2
BCI 3, LABEL, HEADING

(RETURN LOCATION)

L(N) = the logical tape unit of the output tape
MXDUMP, ORIGIN, & MXWDTH are as defined above
L1 = the first line of the matrix

L2 = the last line of the matrix

W1 = the first word of the line

W2 = the last word of the line

The heading card is optional, but if used must appear as

a three word BCI instruction with the first word

LABEL

followed by a space.




The next twelve characters will head the printout,
The following calling sequence produced the sample printout
of MXDUMP shown in Figure 8-2, 1:

CAL =6B17

CALL MXDUMP, PICT, WIDTH, L1, L2, W1, W2
BCI 3, LABEL TEST PICTURE

(RETURN LOCATION)

The following constants and storage must also be defined:

WIDTH DEC 39

L1 DEC 5

L2 DEC 10
w1 DEC 5
w2 DEC 7
PICT BSS 1000

Figure 8-2.2 presents the symbolic listing for this subroutine.

8.3 Gradient Magnitude Subroutine: (DEL)

The programs which have been developed up to this point
have attempted to reduce digitized cloud pictures to those features
which an observer would deem cptically significant., These programs
have, prior to processing, simplified the cloud picture by comparing the
original elements with one or more thresholds, As a re sult, sixty-
four possible element-va.lues are reduced to two (for SB-2 and PAX) or
slightly more (for SB-3).

The program herein described is based on a different approach
The picture intensity is treated as a continuous function over the plane
of the picture. no prior threshold data reduction takes place. Prc- -
gram (DEL) is one of many programs which could be devised to

extract from the original picture mathematical information to be

8-4



MATRIX DUMP--ELEMENTS PACKED SIX PER WORD
WORDS 5 TO 7

TEST PICTURE

WORDS 5 TO 7

0
0
0

(S}

14
14

15
16

4 711 15
1 12 17 20
2 12 18 20
5 15 20 22
10 16 21 25
14 20 24 27
18 21 25 28
19 24 26 28
21 24 24 25

LINES 3 TO 10

18
22
23
26
29
32
34
33

27 29 30

27
26
25
28
31
35
38
36

33 41
30 37
29 33
32 36
34 37
36 38
40 40
38 39

54
48
41
44
39
40
39
35

Figure 8-2.1

63
54
49
48
42
41
38
36

59
51
48
44
40
39
36

54
50
46
44
38
36
35

48
48
44
41
35
34
31

34 33 28

Sample Output of MXDUMP Subroutine

8-4,1

37
39
41
36
31
28
26
21

31
35
37
32
27
24
20
17

29 27 29 27 26 22 16 10

26
29
34
27
22
18
13



Figure 8-2.2

MXDUMP Symbolic Program Listing




% EAD
* O MXDUMP _-= _MATRIX PRINTCQUT ROUTIMNE._
* RFSTORES ALL REGISTERS
LR MXDUMP o2
ENTRY MXNMP
MXDUMP SLW TAPENO o o
STQ SAVEMQ
.SXA XRLo0L o o et
SXA XR?2¢?
e SXA XR4+4
ST1 SAVEI
CLA* 24 . . . e
STO MXWDTH
CLA* Lol | i e _
SUR:# 94
ADD =1
STO LENGTH
CLA _ Cledh
ANA =077777
ADD¥* Sel e
SUR =1
S10 ORIGIN
CLA3* 394
SUR . _=1. e
XCA
MPY OMXWDTH.
ch\
ADD ORIGIN
STO ORIGIN
CCLA¥ Bl e e e e
ALS 18
.. STo. M. e
LXA XR&4 92
COLUMN CAL TAPENO
CALL (STH)
. PZE __  FMT1s0e1 .
CLA T92
o ~_CAS LAREL e
TRA *42
TRA LARFLD
LDQ =0606060606060
) ) STR o
LDQ =0606060606060
STR _
CLA =7
STA RETURN
COORDS LDQ* 392
LLS 18
STR
- LDQ¥ 492
LLS 18
STR
LDQ* 592
LLS 18
STR
LDQ* 692
LLS 18
STR
LDQ "N
STR
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CLA W

ADD =45R17
STO W
e ARS 18
CAS* 692
S TRA LSTCIM
TRA LSTCLM
NOTI ST _C1LA W
SUR =1R17
e XCA
STR
e —CLA =6
STO ROWDTH
IRA SETEMT
LSTCLM LDQ* 692
o LLS 18
STR
e X CA
ADD =7B17
SUR ina
ARS 18
eei . ... STO ROWDTH
SFTEMT CALL (FIL)
e CAL  =Q777777770000
ANS FMT2+1
LDQ ROUWDTH
MPY =6
DVP =10
ORS FMT2+1
_ _XCA —
ALS 6
QRS EMT2+1
CAL TAPENO
CALL (STH)
PZFE FMT2+091
CIA ORIGIN
ADD =6
STO ORIGIN
STA LFTWRD
LLINES LLXA LENGTHs 4
LXA ROWDTHs 2
WWORNDS LDQA* LFETWRD
SIXELS AXT 691
ClA =0
LGL 6
STQ SAVEQ
LGR 18
STR
L.DQ SAVEQ
TIX SIXFL. S4+1e141
TIX WWORDSs2s1
CLA LETWRD
ADD MXWDTH
STA _ LFTWRD
TIX LLINES+194s1
CALL {FILY
L XA XR4 42
CLA% 692
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TAPFNO DEC
SAVEMQ _NEC

ALS 18
SUR W
™I ouT
 __TRA_____COLUMN o L
LARELD LDQ 82
__..SIR. — . ) _
LDQ 942
STR
CLA =10
o STA __ _RETURN . ________ o o o
TRA COORDS
OUT.  _ LXA  XRYel.o o ,_“ .
LXA XR2 s 2
L XA XR4 44
LDI SAVEI
o LDQ . SAVEMQ
TRA% RETURN
LABEL 8CI . _ 1sLABELe . _ . e
RETURN PZF Osth
__LETWRD PZE 042
MXWDTH DFEC n
LENGTH DEC . . N R _
ROWDTH NEC n
ORIGIN DEC e ]

SAVFT DEC

SAVFQ DEC ...

XR1
XR?2
XR4

DEC
..DEC
DEC

W e DEC

D8

FMT1 ~ BCI
ACI
BCIT
FMT2

FND

BCI.

55114/6H6WORNDSY T4, 4H
B9 L1H=/1H9(/3613) ).

TOl14)

99 (1H136X43HMATRIX DUMP == ELEMENTS PACKED SIX PER WORD/
99 1H=12X2A65 20X5HLINESITSs4H | TC1I15920X3HHWORDS 114 94H

TO.
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and correlated with the results of analyses by other programs, The
aim here is to preserve and accumulate information rather than.to
simplify; that is, to determine which of those properties easily ex~
tracted and recognized by a computer discrimiﬁate best among cloud
shapes and distributions. Emphasis here is on program compatibiiity,
flexibility, and speed,

8.3.1 Theoretical Basis

The magnitude of the gradient of the picture
brightness at a point is the maximum change in intensity in the
neighborhood of the point. It is therefore expected that well-defined
boundaries will be extracted by this subroutine., On the other hand,
the program will facilitate the detection of hazy boundaries whose posi-
tions are not well-defined, because these will not be represented by
a thin line of high gradient value. The significance of their positions
can then be considered in shape-defining processes,

It is further expected that a simple integration of
the gradient magnitude over large areas of a meteorological picture
will reveal whether or not there is a pattern present in that section of
the picture. Once a pattern is detected, a local inspection of the
gradient magnitude distribution over its functional range will reveal
information which can be studied for pattern identification.

The number of boundary elements in the picture may
be correlated, for example, with the amount of cloud cover, the
number of closed level curves resulting from a threshold slice of the
original picture, or any other property extracted from the picture by

other subroutines.



8.3.2 Logical Description

This subroutine produces a function prop:rtional
to the square of the magnitude of the gradient. Taking the square
root at each point is very costly in computer time and there is no
real disadvantage in treating the result in this form.

Initial application of this technique to the pictures
at hand revealed that values cf the function which are less than four
are purely a random property of the picture and should be ignored.
Further, it was observed that values in the range of 160 and above
can be interpreted as being virtuaily the same, chiefiy the resulit
of the divergence of the square of the actual value. By dividing -
the values by four it was found that the original range of 0 to 255,
which includes the range of significance, can be compressed into a
range of 0 to 63 which can be stored as a packed matrix in the stan-
dard form used in the other programs described in this report.

The values computed correspond to the gradient
at a point one half-element width to the left and one half-element
width below the point at which the value is stored. The definition

used for the gradient was:

2
, o h h. i h h. 7
!V,-"I(,\',y;' g ‘Ll\ax~§,y+j2-> - L(x+—2-,Y~33’J
~ 291/2
S ETITE N D . -
af X 29 ‘)2‘— \ Z’Y Zl/

where 1 is the intensity at the point and h is the distance between
elements. x and y are the coordinates of the plane.
The program will read a picture from a tape which
is in the format described in the earlier parts of this report, and
store the above described function in memory at the location designated

in the calling sequence.




In calling this routine the sequence which appears
at the head of the listing or equivalent must be used. To locate the
picture properly, it is important that the current tape position (tape
line number) be stored in the location specified, This value will be
changed by the subroutine to that of the final tape position at which
the subrouti ne leaves the input data tape.

The symbolic listing follows as Figure 8-3.1. A
sample printout of a (DEL) analysis of P4, depicting a vortex, is
shown in Figure 8-3,2. It was produced by the THPICT output

routine described in the next section.

8.4 Picture Printout Subroutine: THPICT

This subroutine will produce a symbolic picture repre-
sentation of any element matrix packed in the standard form described
above. Executing the calling sequence which heads the listing of
THPICT in Figure 8-4 will call this subroutine,

The following parameters are interpreted as described below:

PICT BSS 10000

L DEC 240
w DEC 39
N DEC 13
T DEC 15, 24, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42
SS BCI 1,
BCI 1, $
BCI 1, /
BCI 1, 0
BCI 1, 1
BCI 1, 2
BCI 1, 3
BCI 1, 4
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(DEL) Symbolic Program Listing




* FAP
* (DEL) -- GRADIENT MAGNITUDE

LBL (DEL) 2

ENTRY (DEL)
SE K IE 2 333 H I 3 36 3 336 9 36 36 36 3 I 33 36 I 3 96 36 3 3 I 36 36 3 36 336 3 H 3 936 3 36 34 3 3 36 I 36 I 3 36K 3 I3 K I 3¢
#* A PROGRAM TO READ A PICTURE FROM TAPE AND STORE 1/4 *
* OF THE SQUARE OF THE MAGNITUDE OF THE GRADIENT AT EACH ELEMENT IN #
* MEMORY *
3636 36 36 30 36 3 36 36 3 36 3 A Fe 3 K I I 36 36 34 36 3 36 3636 36 34 H 3 I 56 3 3 3636 I 336 3¢ 3636 36 36 3 36 I 3 36 K 3 36 I 36 3 3 3 K W KN R
* e m—e c—m e CALLING SEQUENCE ===——=cww- I *
* *
* CAL LIN) *
* CALL (DEL) sWRsL 1 9L 29W1sW24PICT9LNCTR *
* (RETURN LOCATION) *
3* *
* LINY = LOGICAL INPUT TAPE UNIT 3*
* WR = WORDS PER TAPE RECORD *
* L1 = FIRST LINFE OF TAPE PICTURE *
* L2 = LAST LINE OF TAPE PICTURE ¥*
* W1l = FIRST WORD OF TAPE LINE *
#* W2 = LAST WORD OF TAPE LINE *
* PICT = ORIGIN OF PICTURE IN CORE *
* LNCTR = CURRENT TAPE POSITION *
* THE ABOVE REFER TO CORE LOCATIONS CONTAINING THESE VALUES *
3696 3696 3 56 36 336 3 3 36 3 30 36 36 3 36 3 3636 3 3 3036 606 30 3 5 36 3 36 3 39 636 363 36 3636 36 36 36 3 36 36 3 36 36 336 3 3 3636 3 36 36 I 36 KK X
(DEL)Y LMTM

SXA " RETURNs4

SLW L(N)

STD D

STD DD

STD poOD

STD nOHDD

CLA 694

STA P{IJ)

CLA¥* ls4

PAX 0Os1

SXD I0R1,1

SXD I0OR2s1

CLA* 294

SUR#* Teb

TMI REW

TZF REW
RFAD PAX 03

CALL RDSBIN
D] TIX OeDo*%

TIX IOR191+0

TIX 0910

TIX Hemlf9301

CALL RDSBIN
DD TIX Q9D g¥x

TIX 10829140

TIX De140

L XA RETURN 4

CLA* 394

SUR#* 294

PAX 0s5

LT

TXI *¥4+1959-1

P XA 0s¢5

ADD* 24
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NXLIN

NXWRN

NXFIM

ADD
STO*
CLA%
ADD
PAX
SUR3*
STO
SCh
AXT
CLA*
PAC
LrQ
AXT
LGL
ANA
STO
TIX
LDA
AXT
LGL
ANA
STO
TIX
STZ*
AXT
AXT
TRA
LNQ
AXT
LLGL
ANA
STO
TIX
LhAQ
AXT
LaL
ANA
STO
TIX
TXI
ST7+#
AXT
AXT
CLA
SUR
STO
XCA
MPY
STQ
CLA
SUR
STO
XCA
MPY
XCA
ADIS
ARS
LDT

=1

Tets

S

=1

Nyl

[y

W

NCR1s1
Q97

4ol

06
RUF1-196
642

6

=077
Al+692
*¥=342,1
RUF2=196
692

6

=077
Rl+692
*=34929]
PLTID)
592

643
NXFLM
RUF1—146
69?2

6

=077
Al+6s2
¥=34241
RUF2~-196
69?

6

=077
Rl1+4692
*¥=297241
*¥+1970-1
P(I)
692

N3
Al+592
R1+6+2
AB

AR
AB
Al+692
R145492
RA

BA
AR

?
=077
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DCR1

DDD

FVFN
nDDDD

REW

L(N)
RFTIURN
W
P(1J)
1081
10R?
AD

Ad

=28

R1

AP

RA
RUF1
RUF 2

TI0
CLA
ALS
ORS*
TXI
TIX
CLA
STO
CLA
STO
TXI
TXH
TX1
PXA
LBT
TRA
CALL
TIX
TIX
TIX
TRA
CALL
TIX
T1X
TIX
L XA
TIX
TRA
STZ*
CAL
CALL
L XA
CLA*
TRA
DEC
NFC
DEC
pZE
TORT
TORT
DFC
RSS
DFC
BSS
NEC
DFC
RSS
RSS
FND

*¥4p2

=077

3043
P(1J)
*#4+19346
NXELMs 291
Al+5
AO

Bl1+5

BO
*¥4+1969~1
NXWRD 959 % %
¥4+1979~1.
0s5

EVEN
RDSBIN
OeQgk
I0B1y»1+0
09140

*+5
RDSRIN
O9Qokx
I0B2s140
Nel1s0 .
RETURNs &
NXLINsSs1
8s4

Tels

LN
(RWT) .
RETURNs 4
294

READ

0

9]

N

*%y7
RUF1e0e%%
RUF2 ¢ Dy ¥%
n

AN OO O

(oo ]
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Sample Picture Output by Gradient Program
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Figure 8-4

THPICT Symbolic Program Listing




* FAP

* PICTURE PRINTOUT

******-5‘(-*5(—*********************** **************************-**************
* A SUBROUTINE TO PRINTOUT A MULTI COLOR PICTURE FROM MEMORY %
* GIVEN N THRESHOLDS AND N+1 COLOR SYMBOLS *
******************************** 363 3 36 36 3 36 3 I 36 3 I 36 3 3 3 3696 36 I 3 363 3 363 3 I 36 3 36 3 3 I AKX %
¥ em———— - ——— CALLING SEQUENCE ~—= =mm—mm= = —=—me—————————— *
3¢ #
* CAL LN) 3
* CALL THPICTsPICTsLsWaN»TsSS *
* (RETURN LOCATION) *
* *
* L(N) = LOGICAL OUTPUT TAPE UNIT *
* PICT = ORIGIN OF PICTURE IN MEMORY *
* L = NUMBER OF LINES IN PICTURE *
* W = NUMBER OF WORDS TO A PICTURE LINE *
* N = NUMBER OF THRESHOLDS *
* T = LOWEST THRESHOLDs LOWEST IN CORE *
* S = LOWEST SYMBOLs LOWEST IN CORE *
* THE ABOVE REFER TO CORE LOCATIONS CONTAINING THE RESPECTIVE VALUE¥
26 % 3 36 3 I 3 36 936 I 3 I K I 3K 33 I 36 I I 3 K366 *************************%**************

LBL THPICTs2
ENTRY THPICT
THPICT LMTM

SLW L{N)
CLA 1¢4
STA OTWRD
AXT 6491
CLA LTS8
STO TABLE+6441
TIX *#=191l9l
CLA Se4
STA THRESH
CLA 694
STA SYMBOL
AXT 6441
CLA* 44
PAX 0s3
AXT 042

LOAD CAL* SYMBOL
ANA =0770000000000
ORS TABLE+64y1
PCA Osl
ADD =65
ANA =077
CAS* THRESH
X1 *43929~1
TXI1 *42929-1
TIX LLOADs 191
TIX ¥em]9391
TXI *4+1910-1
CAL* SYMBOL
ANA =0770000000000
ORS TABLE+64,1
TIX *=1919l
SXA RETURNs &
CLA* 344
STO W
sus =20
PAX 044
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OTPUT

OTLIN

OTWRD

DCR2

WW

WX
LIN)
RETURN
LTBL
SYMBOL
THRESH
FMT1
FMT2
TABLE

SCD
STZ
CAL
CALL
PZE
CALL
L XA
CLA*
PAX
LAC
CLA
sSuB
STo
T™MI
CLA
STO
L XA
CAL
CALL
PZE
LoQ
CRQ
STR
TX1
TIX
CALL
TXI
TIX
CLA
LXA
T™MI
ADD
STO
CLA
ADD
STO
TRA
DEC
DEC
DEC
DEC
DEC
PZE
PZE
PZE
BCI
BCI
BSS
END

DCR2s4
WX

L(N)
(STH)
FMT1s091
(FIL)
RETURN 4
294

0s3

WXe7

"]

=21

Ww

OTLIN
=20

W

W2

LIN)
(STH)
FMT2s0,1
W3 e 7
TABLE+Os6

*¥4+1979~1
OTWRDs 291
(FIL)
*p] 97 g
OTLINs3s1
ww
RETURNs 4
Y

=2

W

wX

=19

wX

OTPUT

0

0

0

TABLE
02
0s2

19 (1MH1Y

29 (1H9+20A6)

64
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BCI 1, 5
BCI 1, 6
BCI 1, 7
BCI 1, 8
BCI 1, 9
BCI 1, .

The symbols PICT through SS are defined at the head of the
THPICT program listing, For output all elements of the matrix

whose value is less than 15 will be represented by a blank ( ),

15 to 23 by a ($),
24 to 31 by a (/),

32 by a (0),
33 by a (1),
34 by a (2),
35 by a (3),
36 by a (4),
37 by a (5),
38 by a (6),
39 by a (7),
40 by a (8),
41 by a (9),

and 42 to 63 by a (.)

8.5 Frequency Count Subroutine: F(RNG)

This subroutine makes a frequency count of the distribution
of the function values stored in a matrix of the form described above.
It can count over the entire matrix or any segment the reof. The sums
are stored, with the total number of elements whose values are zero,
in the location designated SUM and specified in the calling sequence.
The totals of the sixty-three other values are stored in progressively
higher core locations. The symbolic listing for F(RNG) is presented

in Figure 8-5,




Figure 8-5

F(RNG) Symbolic Program Listing
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* FAP

* FREQUENCY DISTRIBUTION — == F(RNG)
********%3{--)(-****************7‘%********************************************
*® A SUBROUTINE 10 COMPUTE THE FREQUENCY DISIRIBUTIUN OF A *
*  FUNCTION OF X AND Y WHOSE RANGE IS 0 TO 63 AND WHOSE *
*—OMAIN IS AN ARRAY PACKED 6 ELEMENTS PER WORD ®
***********%%@*%%********%***************%*****%***********%*************

—F T Es==—=s— Se— mess——— CTALCING SEQUENCE  ========= =  ====== ==== i
¥* *
" CALL FIKNU)QPILI9WIU|HTE.L’L£’W.I.’W£’DUIVI w
* (RETURN LOCATION) *
¥ k3
* PICT = ORIGIN OF MATRIX *

—% WIDTH = NUMBER OF WORDS PER LINE OF MATRIX k.
* L1 = FIRST LINE TO OUTPUT *
* T2 = TAST LINE *
* W1 = FIRST WORD OF LINE *
* WZ = LUAST WORD UF LINE *
* SUM = LOCATION OF SUM TABLE *
~ “THE ABOVE REFER TO TORE LOCATIONS CONTAINING THE RESPECIIVE VALUES®

0902 K0 333 S K 3 IR FH R B B3 I3 36 33 306336 36 K 3¢ 3 K HH I HHHHHK R KKK
LRBL FIRNG) 2
FNTRY F(RNG)

TEFARNGY LMTM™

SXA RETURN s 4
T CLA XS
STA SUM
ADD =54
STA FR(11
T AXT T b4 el
FR(11 STZ *Hy]
; TR RS TeTIeY - -
FR(?21 CLA 194
STR Pttty
FR(2?2 CLA* 294
e —STO— WIRTH e
FR(?2 CLA* 394
SHR =1 : — - e e
XCA
Ay DT H
XCA
ADH* 5v4 IR I
SUR =1
PAC—— —fy 7 e
FR(24 CLA* 694
SR ol 33
ADD =1
ST0 g - . e e e
FR(241 SUR WIDTH
L
SXD FR(32+3
—FRt2— A% oy of
SUR#* 394
APD—— =1 e e S
PAX Nyb
—FRt26—tHT - =0 - s T e T T
FR(30 LXA Y95
—FRE D Bty
AXT 693
—FR{t211PTA - — - e e
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LAL 6
PAC Vel
SUM CLA %% 42
ADD =1
STO* H=D
TIX FRU3TTs31
TX1 ¥+1979~1
PIX FRU3T 9591
FR(22 Tx1 #eh] 9T g W
T TIX FRU3Uy691
XA RETURN 4
a S TRACT T Bed
RETURM NFr 0
PTCVY  P7T ¥ 57
W NEC N
TWINTH NET 9

END
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